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for FAST, ACCURATE, DEPENDABLE 


Microbial Sensitivity Testing 


BACTO 


UNIDISK 


and 
BACTO 


SENSITIVITY 
DISKS 


10 to 12 


susceptibility tests 


w 


at one time 


for 10 years the preferred reagents because. . . 


33 agents for maximum choice of therapeutic agents 
3 concentrations to give greatest selectivity 

293 packagings for convenience 

Precise readings without cross-reaction 

Greatest economy 

Accurately standardized 


Bacto - Unidisks combine eight therapeutic agents in a single sterile device in- 
dividually sealed in a plastic container to assure sterility. Bacto - Unidisks provide 
for ready identification by use of characteristic color as well as name of agent and 
its concentration. 


Bacto - Sensitivity Disks are prepared in three concentrations of each agent 
colored and marked for quick and accurate identification. 


AVAILABLE ON REQUEST 
Bulletin No. 152, describing Bacto - Unidisks 


Bulletin No. 146, Microbial Sensitivity Testing 
Report sheets for reporting Microbial Sensitivities 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 
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No Slide Rule Needed Here: 


Dirty Glassware + Ordinary Cleaners? 
You Just Can't Balance This Equation 


j Balance Your Cleaning Equation 
‘ with 
Paragon Laboratory Cleaner 


The detergent cleaner developed especially for the modern laboratory. Con- 
tains no soap, leaves no dulling seum. Abundant suds in cold water. Rinse 
water flows off without water spotting. No wiping or toweling necessary. 
PARAGON LABORATORY CLEANER is easy to use; simply soak articles 


in hot or cold water containing 1 ounee of Paragon Laboratory Cleaner to 
the gallon. Dirt, grease, grime, stains and incrustations float away. 


PARAGON LABORATORY CLEANER cleans glassware, porcelain, enamel! 
ware, soapstone surfaces, ironware, tile and painted walls, floors, slop sinks, 
toilet bowls, shelves. No boiling of slides to get them clean. No more cor- 
roded, etched or scratched slides. Simply allow the used slides to soak in 
Paragon Laboratory Cleaner solution for a short time. Smears, stains and 
cedar oil float away. Excellent for freeing jammed syringes, stuck stop- 
cocks and ground glass stoppers. 
PARAGON LABORATORY CLEANER is packed only in 3 lb. boxes. 
PC300 Box (3 Ibs.) $1.00 

Carton (24 x 3 lb. boxes) 20.40 (85¢ per box) 


Write for catalogs 957A @& 957B fully describing Paragon Staining Solutions 
Chemical Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories. 


Prices F. O. B. New York, New York, subject to change without notice 


PARAGON ©. & C. CO. INC. Manufactured exclusively by 
2540 Belmont Avenue 


New York 58, New York PARAGON C. & C. CO. INC. 
Please send free trial sample PC300 2540 Belmont Avenue 

: New York 58, New York 

Name - - 


Cable Address: Wijeno, New York. 
Address 
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Until the discovery of DECADRON* by MERCK SHARP & DOHME, when your diabetic patients 
were also in need of corticosteroids, you were often faced with a difficult therapeutic dilemma. 
Diabetes mellitus was a recognized contraindication to the use of corticosteroids, since they 
not only aggravated the existing diabetic symptoms, but often precipitated latent diabetes. 


EVEN 
many diabetic patients 
may have THE FULL 
ORTICOSTEROID 
THERAPY 


DECADRON—the new and most potent of all anti-inflammatory corticosteroids — 
is remarkable for its virtual absence of diabetogenic effect in therapeutic doses. 


In clinical trials with some 1,500 patients, glycosuria 
was noted in only two, transitory glycosuria in another 
O® two, and flattening of the glucose tolerance curve in 


one. There were no instances of aggravation of exist- 
ing diabetes, no increase in insulin requirements. 
Patients whose diabetes was severely aggravated on 
prednisolone showed good tolerance when transferred 
to DECADRON. 

MORE patients can be treated with DECADRON than 
with other corticosteroids, because in addition to 
being practically free of diabetogenic activity, therapy 
with DECADRON is also practically free of sodium 


retention, potassium depletion, hypertension, edema 

and psychic disturbances. Cushingoid effects are 

} fewer and milder. DECADRON has not caused any 
new or “peculiar” reactions, and has produced neither 

* euphoria nor depression, but helps restore a 


“natural” sense of well-being. 
DEXAMETHASONE *DECADRON is a trademark of Merck & Co., Inc., 


to treat more patients ©1958 Merck & Co., inc. 
more effectively MERCK SHARP & DOHME 


DIVISION OF MERCK & CO., Inc., PHILADELPHIA 1, PA. 
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NEW...HYLAND RA-TEST 

A FAST, SIMPLE, RELIABLE 
SCREENING TEST FOR 
RHEUMATOID ARTHRITIS 


a rapid slide modification of the latex fixation test 
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EASY TO PERFORM — just mix separate drops of Latex- 
Globulin Reagent with: (1) patient's diluted serum, 
(2) Negative Control Serum, and (3) Positive Control Serum 
on divided areas of slide. 


EASY TO READ—positive reactions (well-defined 
clumps) are.clearly visible to the naked eye in a few seconds. 


SUPPLIED—in compact kits containing 5 cc. Latex- 
Globulin Reagent, 2 cc. Positive Control Serum, 2 cc. Nega- 
tive Control Serum, 100 cc. Glycine-Saline Buffer Diluent, 
and divided glass slide. Each kit sufficient for at least 100 
tests—at a cost to the laboratory of only 12c per test. Test 
components are also available separately. 


HYLAND LABORATORIES 
Los Angeles 39, California - Yonkers, New York 


*Trade Mark of Hyland Laboratories 
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NOW... sensitivity up to 1 cm deflection /0.1 mm Hg 


in SANBORN PRESSURE TRANSDUCERS 


FOR USE IN CARDIAC CATHETERIZATION — STUDY OF CIRCULATORY, GASTRIC, 


ESOPHAGEAL, SPINAL PRESSURES — PLETHYSMOGRAPHY — RESPIRATION 


Series 


Sensitivity 


Nominal Working 
Range 


Volume 
Displacement 


267* 


1 cm deflection 
per mm Hg 


— 100 to +400 
mm Hg 


.05 mm3/100 
mm Hg 


268** 


1 cm deflection 
per 0.1 mm Hg 


—40 to +40 
mm Hg 


0.5 mm3/100 
mm Hg 


*Available in Models 267A (single-ended — measures pressure 
against atmospheric pressure) ond 267B Idiflerential — meas- 
ures pressure diflerences of liquids, gases or one of each), for 
use with Sanborn Carrier Preamplifiers; and Models 467A 
(single-ended) ond 467B (diflerential) for use with Sanborn 
Strain Gage Amplifiers. 


**Available in Models 268A (single-ended, os above) and 2688 
(diflerential, as above) for use with Sanborn Carrier Preampli- 
fiers. For use with Sanborn Strain Gage Amplifiers, an adapter 


(Model 267-400) is required. 


Sanborn pressure transducers —- compact, 
accurate units — are now available with 
much greater sensitivity. The new 268 series 
offers 10 times the sensitivity available in the 
267 series as shown in the abbreviated table. 


The durable, non-corrosive Monel case is 
not affected by normal saline, alcohol or 
other solutions normally used in physiologi- 
cal measurements and chemical sterilization 
... during flushing the liquid flow sweeps the 
entire pressure chamber, completely remov- 


SAN BORN 


ing all bubbles . . . connectors are standard 
luer female type to which standard needle or 
catheter fittings may be attached . . . they can 
be supported by a ring clamp or similar de- 
vice close to the patient or subject being 
tested since the body size of these small pres- 
sure pickups is only 1%._” x 14” x 1”. 


Write for new Sanborn catalog, 
with complete information on 
these transducers and other in- 
struments for Biophysical Re- 
search, 


COMPANY 


MEDICAL DIVISION 175 Wyman Street, Waltham 54, Massachusetts 
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YOUR CHECK LIST OF VIRAL 
AND RICKETTSIAL ANTIGENS 


Specific antigens available for use in diagnosis 
of rickettsial and viral infections by the comple- 
ment-fixation test. 


Equine Encephalomyelitis (Eastern) Diag- 
nostic Antigen Lederle 

Equine Encephalomyelitis (Western) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type A—PR 8 Strain) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type A—FM 1 Strain) Diag- 
nostic Antigen Lederle 

Influenza Virus (Type B—Lee Strain) Diag- 
nostic Antigen Lederle 

Lymphocytic Choriomeningitis Diagnostic 
Antigen (Soluble Type) Lederle 

Mumps Diagnostic Antigen (Viral Type) 
Lederle 

Proteus OX19 Antigen Lederle (Positive 
titers appear with typhus infections) 
Psittacosis Diagnostic Antigen (Soluble 
Type) Lederle 

Q Fever (American Strain—Nine Mile) Diag- 
nostic Antigen Lederle 

Rickettsialpox Diagnostic Antigen (Soluble 
Type) Lederle 

Rocky Mountain Spotted Fever Diagnostic 
Antigen (Soluble Type) Lederle 

St. Louis Encephalitis Diagnostic Antigen 
Lederle 


LEDERLE PRODUCTS FOR LABORATORY MEDICINE 
ARE PREPARED AND TESTED ACCORDING TO THE 
HIGHEST STANDARDS 


AGENTS FOR LABORATORY USE: BLOOD GROUPING, Rh 
TYPING, AND ANTIHUMAN (Coombs Test) 
SERUMS, NIH-approved; SALMONELLA GROUP- 
ING and TYPING SERUMS; SHIGELLA GROUP- 
ING SERUMS; BLOOD CULTURE MEDIUM; E. 
COLI TYPING SERUMS*; SYPHILIS ANTIGENS; 
V.D.R.L.; Kahn Standard (Dr. Kahn Laboratory- 
approved); Laughlen Reagent (Dr. Laughlen Lab- 
oratory-approved); PASTEURELLA TULARENSIS 
TUBE ANTIGEN; VIRAL and RICKETTSIAL ANTI- 
GENS. *Prepared according to CDC methods and 
standards. 


AGENTS FOR CLINICAL USE: LYMPHOGRANULOMA 
VENEREUM SKIN TEST ANTIGEN and CON- 
TROL; TRICHINELLA EXTRACT and SALINE 
CONTROL; TUBERCULIN PATCH TEST (Vollmer). 


For further information contact the Lederle rep- 
resentative through your hospital pharmacy, or 
write: 


LEDERLE LABORATORIES DIVISION. AMERICAN CYANAMID COMPANY 
PEARL RIVER, NEW YORK 
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accurate, quick determinations... 
for all colorimetric tests 


PHOTROMETER 


Only one adjustment of only one knob and you get precise determinations 
for each routine clinical test—easily, rapidly —with the Leitz pre-calibrated 
PHOTROMETER. 

Leitz PHOTROMETERS for clinical laboratories... 


* pre-calibrated for easy, rapid determinations 
* a supply of standard solutions is not required 
* no external voltage stabilizer needed 


¢ built with the precision and ruggedness characteristic 
of all Leitz instruments 


* laboratory technician can readily calibrate instrument 
for additional tests 


See your dealer for a demonstration. 


&. LEITZ, INC., Dept. L-1 
468 Fourth Avenue, New York 16, N.Y. 


Please send me the Leitz PHOTROMETER brochure. 


Nome 


Street 


&. LEITtTZ, Inc., 468 FOURTH AVENUE, NEW YORK 16, N. Y. 
Distributors of the world-famous products of Ernst Leitz, Wetziar, Germany 
LENSES - CAMERAS - MICROSCOPES + BINOCULARS 
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COULTER 


BLOOD CELL 


COUNTER 


Procedure: Only a tew 
lambdas of biood are required 
for atest. Sample is mixed with 
appropriate diluents for red 
or white ts. After s pl 
beaker is placed in position, 
operation of stopcock and 
counting switch automatically 
cycies instrument. Number 
ot cells appears on counter. 
After recording count you're 
ready to go on to the next 
sample. 


For full details consult your 
S/P representative or write 
Technical Service Department, 
Scientific Products, 

1210 Leon Place, 

Evanston, Iilinois. 


Yp 


NOW ... make red and white biood cell 
counts electronically, eliminate tedious and 
time-consuming visual counts. 


Get accurate and reproducible results every time with 
the Coulter Blood Cell Counter. The average count in- 
cludes 50,000 cells—equivalent to 100 visual chamber 
counts. Successive readings on a sample agree within 
1%. Cell counts are completed in 25 seconds, plus sam- 
ple dilution time. 

Operation of the Coulter system is based on electrical 
conductivity differences between blood cells and common 
diluents. This principle permits individual cells to be 
counted as measured volume of solution is drawn through 
small electrically-activated orifice. Relative cell size dis- 
tribution is shown on oscilloscope screen and threshold 
control makes possible accurate plots of this distribution. 


No. 51695— Coulter Blood Ceili Counter........ $3,350.00 


Scientific Products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES— 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atianta +» Chicago + Columbus + Dallas + Kansas City «+ Los Angeles + Minneapolis 
New York + San Francisco + Washington 
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TIME-SAVERS EVERY LAB MUST HAVE 


SCIENTIFIC INDUSTRIES 


ULTRA-BURET 


This Unique Instrument 
Offers You These Advantages 
and Many More! 


e Precise Control Over Ultra-Micro 
Quantities — Markings to .001 ml.; 
can be read to .0001 ml. 

Amazingly High Capacity — up to 
7 mi. without refilling. 

Easy Reading On Calibrated Wheel 
No meniscus; simple to reset to zero. 
Instant Speed Adujstment — Perfect 
control without use of valves or stop- 
cocks. 

Easy Handling — Simply turn a wheel 
as fast or as slow as desired. Requires 
less than 50 sq. inches of table space. 
Completely portable, weighs only 11 Ibs. 


TAKE ADVANTAGE OF OUR 


30 DAY TEST IN YOUR LABORATORY 
JUDGE THIS ULTRA-BURET FOR YOURSELF! 


NATELSON 


MICROGASOMETER 


A Must for Routine and Research Work 


Motorized Shaker Attachment Now Available 


e Ultra-Micro Specimens 
Needs only 0.03 ml. for accurate determination of gas 
content in plasma, blood or other fluids. 

e Faster and Easier Than Usual Macro Methods 
Completely self-contained and portable—no_ separate 
pipettes. Uses only 1% Ib. of mercury. 

» Motorized Shaker Attachment with Auto- 
matic Timer. 
Fits any model 600 Natelson Microgasometer. More con- 
venient and practical than ever for O» and CO. 


Ask your Laboratory Supply Dealer for Particulars 
. ». or Write for descriptive Bulletin! 


SCIENTIFIC INDUSTRIES, INC. 
15 Park Street e Springfield 3, Mass. 
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color 


defining 
CHEMICAL STRUCTURE OF DYES 


BIOLOGICAL STAINS are defined briefly by use of a designated color index 
number. The Color Index in use since 1924 has now been superseded by 
an entirely new and completely revised edition. This will occasion the 
necessity for soon revising all stain labels with replacement of the former 
numbers by those appointed to the new edition. This modification of the 
number system may prove somewhat confusing to stain users; therefore, we 
have prepared a comparative list which will be available to all upon request. 
Write to us for Harleco Informative Bulletin Pub. No. 600, also for Biological Stain and 
Related Products for Microtechnic Pub. No. 381-1, in the event you may not already have a copy 


HARLECO 


Aarleceo Produchs are avaclalle of your fire crrea of fity house 


ah HARTMAN-LEDDON COMPANY 
A 60th & Woodland Avenue - Philadelphia 43, Pennsylvania + U.S.A. 
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Se Assures greater precision in the daily 

° standardization of your photometer 

A CU, My and the periodic construction of your 

calibration curve. Each hermatically- 
HEMOGLOBIN STANDARD sealed: ampul contains an analytically)...” 


t 
Assay mg. Hb. measured, exact emount of cyan 


per 100 ml. methemoglobin. of assured purity and 


stability. 


* 


Facilitates the rapid preparation of 
diluent for accurate hemoglobin deter- 
minations. by the cyanmethemoglobin 
method: Simply dissolve a stable, 
standardized, seaied-in-foil pellet in 

250 cc. of distilled water. 


Ortho Pharmaceutical Corporation 
RARITAN, NEW JERSEY 


NEW EASE 
AND ACCURACY 


No cotton picking problems 


... and the liners stay put 
when you use PYREX°® screw cap ware 


With this line of Pyrex screw cap ware you 
can rid yourself of the nuisance and mess of 
cotton plugs in tubes and flasks. 

The cap is chip resistant. The white rubber 
liner is non-toxic, chemically inert and stays 
resilient. And, thanks to our special cement, 
liners stay put even after dozens of sterilizations. 

You get other advantages, too, that add up 
to better performance and long life. Non-cloud- 
ing, inert Pyrex glassware resists heat and hard 
knocks. Walls are uniform. Threads are full 
and smooth. Tops are squared for positive seals. 

A sampling is shown to the right. But, for 
the complete line, check your Corning Catalog. 
If you'd like a copy write us at Corning, N. Y. 


Remember, you'll save by grouping all PyREXx 
purchases to get maximum discounts, 


4 
8082 


9825 8422 


The PYREX screw cap line includes Erlenmeyer flasks, 
culture tubes, centrifuge tubes with conical or round 
bottoms, plain or graduated, regular or heavy walls. 


CORNING GLASS WORKS 


CORNING MEANS RESEARCH IN GLASS 


PYREX laboratory ware... the tested wol of modern research 
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the Section 
is the payoff 


The better tissues you get with it 
are the ultimate proof of the 
Autotechnicon’s worth. Processing 
is always dependably uniform, 
staining always diagnostically 
stworthy. And you get finished 
faster . . . thanks to the 
me Autotechnicon principle of 
displacement and controlled 
warming. ere’s a brochure that 
explains t he hy of all this. 


sed it to you. 


gortechnicon 


irst name... and last word 
in histologic processing 


THE TECHNICON COMPANY 
Chauncey + New York 
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Aloe-Narda 

Ultrasonic 

Cleaning Equipment is 
Fast 


¢ Low Cost 
¢ Efficient 


The right generator plus the proper 
transducerized tank furnishes the ideal 
ultrasonic system for cleaning almost 
anything you can think of . . . Glassware, 
hot lab apparatus, medical instruments, 
electronic components, optical and technical 
mechanisms. . and so on. Whatever the 
problem, these ultrasonic systems can be 

the answer to doing it faster, cheaper, and 
more efficiently. 


Operation is simple and easy. Just plug 
into any 115V, 60 cycle outlet. Fill the 
tank. Add detergent. Flip the switch. 
Immediately, swift precision cleaning 
economies are yours. Excellent for other 
uses too — like brightening, polishing, 
decontaminating, pickling, deburring, 
plating and degassing. 


To determine the exact model you need, write 
for prices and more details, now. 


aloe scientific 


DIVISION OF A. S. ALOE COMPANY 
5655 Kingsbury ¢ St. Louis 12, Missouri 
Fully-Stocked Divisions Coast to Coast 
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tubes! 


One of the most significant developments in buret history, 
the Manostat Needle Valve Buret, is now available with 3119 Needle Valve Buret Complete 
Kimble Tubes. Now you can perform your titrations without MACRO SIZE 

annoyance of stopcock adjustments. 8 


This new instrument provides fine needle valve control Subdivisions mi. 0.2 0.1 1 0.05 
of liquid flow, eliminating crude, annoying stopcock grease Each 16.25 11.70 12.45 12.45 
contamination. Package of 4 57.78 42.12 4482 44.82 

It is equipped with a newly improved glass and plastic G3119D Graduated tube only 
valve practically eliminating the possibility of breakage: $00 550 6. 6.20 
liquid comes in contact with only glass and Teflon**. Other 
plastic parts, not in contact with liquid, are made of Hysol 
which is resistant to nearly all laboratory reagents. 


The Bure re accurately calibrated to the closest 
tolerances, ceramic scale insures The EMIL GREINER 
lifetime graduations. ee, 

*Patent Applied For 20-26 N. Moore St., Dept. 225, N. Y. 13 
DuPont 


Note: Please do not fail to «pecify se 
ae well as catalog no. with your order 
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Integrated 
Instruments 


A new concept in laboratory planning 


The Photofluorometer can 
be used alone or its sensitivity 
can be multiplied 15 times 
when used with the Junior 
Spectrophotometer, extend- 
ing its use to the measure- 
ment of trace fluorophors 


The Universal Spectro- 
photometer integrates with 
the Photofluorometer to ex- 
tend fluorimetry into the 


The Junior Spectrophoto- 
meter integrates with the 
Flame Photometer to provide 
complete spectrophotometry 
plus flame photometry. 


The Flame Photometer in- 
tegrates with the Universal 
Spectrophotometer to add 


flame photometry to the 
Universal’s wide range of 
spectrophotometry, nephelo- 
metry and photo fluorometry. 


range of trace analysis. 


Coleman instruments work together to save money and increase versatility 


Each of these Coleman instruments is a respected and valued tool of the medical and 
clinical laboratory. Each performs its analytical function with precision and dispatch. More- 
over, these Coleman instruments can be combined into analytical teams that vastly 


increase the scope and versatility of the analytical laboratory, without added cost and without 
interference with their basic uses. 


New literature available: 


1. The Coleman Universal Spectrophotometer Bulletin B-241 // 
2. The Coleman Flame Photometer Bulletin B-242 // 

3. The Coleman Junior Spectrophotometer. . Bulletin B-240A 

4. The Coleman Electronic Photofluorometer Bulletin B-245 


COLEMAN INSTRUMENTS, INC., DEPT. E MAYWOOD, ILLINOIS 
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FOR MORE RAPID IDENTIFICATION 
OF DERMATOPHYTES 


COPAPER 
MEDIUM 


Any fungus that can be cultured on Sabou- May be simply reactivated, when dry, by 
raud’s medium may be cultured and identi- the addition of a medicine dropper full of 
fied more effectively on this new Mycologi- sterile water. It contains no antibiotics. 
cal Paper Medium. 

All colonies remain localized and generally 
do not overgrow one another. This is of 
considerable importance when contaminants 
or saprophytes are present. Bacterial 
growth is also inhibited and localized on this 
new medium. 


GROWTH on this new medium appears 
earlier and pigment, if any, appears sooner 
and is more clearly defined on the reverse 
white side. Identification on this medium 
can generally be made in about %rds the 
time required for Sabouraud’s medium. 


New culture medium will last practically Cultures may be preserved more effectively 
indefinitely and needs no refrigeration. for record and display purposes. 


Uninoculated T. gypseum T. purpureum C. albicans 


DIRECTIONS: Store in cool place. Refrigeration is unneces- 
sary. Inoculate in the usual manner with exudate or scrapings of 
the lesion involved, keeping cap loose. Incubate at room temper- 
ature and examine after several days for evidence of growth. 
When growth is obtained, examine reverse white surface for pig- 
ment. 


ORDER TODAY 


MYCOPAPER MEDIUM—Box of 12 Vials (Ready to Use) ... . 


STANDARD SCIENTIFIC Fama 


S 808 BROADWAY 
NEW YORK 3,N.Y. 
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PAKAGON REAGENTS + DEPENDABLE * TESTED * PARAMOUNT QUALITY 


Nessler Compound Paragon 


(Dry Granules) 


for the simplest method of preparing 
Nessler Solution which will not be af- 
fected by the amount of carbonates 
ordinarily present in sodium hydroxide. 
‘The granules and the resulting solution 
will remain stable for years. 


$1.90 per bottle (68 grams) sufficient 
for one liter of Nessler Solution, which 
is made by simply dissolving the con- 
tents of bottle in 10° sodium hydrox- 
ide solution. 


Convince yourself by ordering Nessler 
Compound Paragon. 


Alkaline Copper Tartrate 
(Paragon) 


is a concentrated reagent which will 
produce Alkaline Copper Tartrate so- 
lution for determining sugar in blood 
by the method of Folin & Wu. 


The resulting solution is very stable 
and may be used at once. 


The contents of the bottle is merely 
diluted with distilled water to make 1 
liter. 


P851--One_ Bottle sufficient for 


In lots of 12 or more bot- 


All prices F.O.B. New York, New York, subject to change without notice. 


© NO CHANGE IN PROCEDURE ® NO NEW TECHNIQUE ® NO EXTRA STEPS 
® TIME SAVING ® SPACE SAVING ® ECONOMICAL ® STABLE 


Write for catalogs 957A @& 957B fully 
Chemical Reagents and Solutions and Paragon Tray Drawer Cabinets and accessories. 


Manufactured exclusively by 


PARAGON C. & C. CO., Inc., 2540 Belmont Ave., New York 58, N.Y. 


Cable address: Wijeno, New York 


describing Paragon Staining Solutions, 


Benedict Compound Paragon 
Qualitative—Quantitative 


(Dry Granules) 


You can now have perfect Benedict 
Solutions (qualitative or quantitative ) 
for the determination of sugar in 
urine by simply dissolving the gran- 
ules in water. 

Packed in two convenient sizcs. 


QUALITATIVE 
P501—for 1 liter 
P520—for 1 gallon 


QUANTITATIVE 
P611—for 1 liter 


P631—for 1 gallon 
Priced so that each qualitative test 
costs Ys of a cent, when purchased in 
lots of 12 gallons (1 case); slightly 
higher when purchased in smaller 
quantities, 


Phospho-Molybdic Acid Reagent 
(Paragon) 


is a concentrated reagent producing a 
phosphate molybdate acid solution 
used to determine sugar in blood by 
the method of Folin & Wu. This 
solution may also be used for deter- 
mination of sugar in spinal fluid. 

The resulting solution is very stable 
and may be used at once. The con- 
tents of the bottle is merely diluted 
with distilled water to make | liter. 


P801—-One_ Bottle sufficient for 


$2.35 
In lots of 12 or more bot- 
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SENSITIVITY 


AUTOMATIC SEN: 


SAVES DIS 
eliminates tedious handling of i i 


"RELEASES UP TO. 
To Use. SENSI- DISCS 
CONVENIENT 

7 _ fits standard Petri dishes. 


up to 8 Sensi-Discs are released 
simulte neously to form a uniform 
pattern on the culture plate. 


complete freedom of selection — ~any 
combination of Sensi-Discs may 
used, 
SAFE 


“minimizes. contamination resulting 


Baltimore 18, Maryland i 
A Division of Becton, Dickinson and nd Company 


a 
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a 
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Direct from England 


Clinical Toxicology 


Effective Management of Poisoning Cases 


Well-organized and effectively written, Locket’s CLINICAL TOX- 
ICOLOGY is designed primarily to help the clinician in the diagnosis 
of causes of poisoning and in their treatment. Straightforward in its 
approach, this easy-to-use English reference is conveniently arranged 
in three sections: Part I describes treatment as it relates to each system 
in which it may be involved; Part II concerns itself with each individual 
toxic agent or group of agents; Part III contains informative and help- 
ful sections on Identification of Poisons and Poisonous Plants written 
by eminent authorities in these fields. The information in the latter 
section is particularly valuable to the average hospital laboratory in 
identifying some of the more frequently encountered poisonous plants 
and seeds. A special “Treatment Index” directs you to prompt and 
effective treatment of poisoning cases of emergency. 


By S. LOCKET, M.B., B.S., M.R.C.P. (London), Senior Physician, Oldchurch 
Hospital, Romford, Essex; Physician-in-Charge, N.E. Metropolitan Regional 
Barbiturate Unit, Oldchurch Hospital, Romford, Essex. 


1957, 772 pages, 6” x 91/,", 27 illustrations, 2 color plates. 
Price, $20.00. 


Mark and Mail This Coupon Today! 


The C. V. MOSBY Company 


3207 Washington Boulevard + St. Louis 3, Missouri 


Gentlemen: Please send me Locket’'s CLINICAL TOXICOLOGY priced at $20.00. I understand 
that if I am not completely satisfied I can return the book within 10 days with no charge or obliga- 
tion. If remittance is enclosed, publisher pays the mailing charges 


Payment enclosed Charge my account 


Las-1-59 
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_____Kedak reports on: 


finding a trivially named organic in a pedantically named list... 
movies for teaching... tocopherol in three years 


At the crossroads 


Our devotion to Chemical Ab- 
stracts nomenclature for our 
line of organic reagents is 
commendable, justifiable, and 
sometimes fatuously self-sac- 
rificing. We are holier than 
most chemical houses. Why, 
we know some producers of 
dyestuffs very useful in the 
laboratory who refuse orders 
written in the systematic no- 
menclature, much less encour- 
age them! 
Between trademarks—which 
specify only commercial ori- 
gin for merchandise otherwise 
named as to kind—and sys- 
tematic but pedantic chemi- 
cal names lies the convenient 
middle ground of trivial names 
(trivial: three roads, i.e., the 
fork where the people meet 
to chat, get it?). Some are 
trademarks abandoned by their 
Owners, some are pronounce- 
able combinations of letters 
from the systematic name, 
some are little amateur ads con- 
cocted by enthusiastic chem- 
ists who discovered the uses. 
We keep a private book which lists 
thousands of different names for our 
3700 odd compounds. It has suddenly 
struck us that a small fractional 
distillation of this book, comprising 
a few of the names neither cross- 
referenced in our catalog nor famil- 
iar to everybody gabbing at the cross- 
roads, should be put in the hands 
of any person interested enough to 
ask. He gets it from Distillation Prod- 
ucts Industries, Eastman Organic 
Chemicals Department, Rochester 3, 
N.Y. (Division of Eastman Kodak 
Company). To use it the way we want 


him to, he must also have a copy of 


Eastman Organic Chemicals, List No. 
41, which gives prices. 


A talisman from New Haven 


We manufacture 16mm mo- 
tion picture projectors and 
film. The projectors are sold 
by audio-visual dealers, to be 
found in many cities. The film 
is purchased by motion pic- 
ture producers, who place 
suitable images on it, so that 
there shall be some further 
purpose served by running 
it through the projectors sold 
by the audio-visual dealers. 
Our intentions are direct and 
praiseworthy. We want large 
numbers of people to visit 


January, 1959 


the audio-visual dealers, to 
discuss with them such mat- 
ters as the advantage of a 25- 
watt amplifier over a 15-watt 
amplifier, and to conclude 
each such visit with a sub- 
stantial order for each of the 
four current models of Kodak 
Pageant Sound Projectors. 

Finding ourselves in mid- 
20th century, we have to pro- 
ceed toward these simple objec- 
tives by sophisticated routes. 
We use more than mere words 
for persuasion. We employ 
graphic communication. From 
the Yale News Bureau, we ac- 
quire a photograph of their 
serene Campus. 


We assure the Bureau that 
no endorsement of us or our 
works is to be implied. The 
photograph serves only as a 
visual symbol of | scientific 
objectivity. 

Next we establish why we 
picture Yale instead of some 
other equally serene haven of 
objectivity. Yale was the site 
of two important conferences 
at which learned psycholo- 
gists and successful communi- 
cators met and scrutinized the 
obstacles to wider and wiser 
use of films, slides, sound film- 
strips, etc., in conveying in- 
formation, skills, or attitudes 
from one group of heads to 
another. A second Yale angle 
is that two of its professors of 
psychology have prepared a 
scholarly evaluation of scien- 
tific principles for maximum 
learning from motion pictures 
and other audio-visual media. 
In the native patois of their 
discipline they say that movies 
are fine for teaching and sug- 
gest lines of research on how 
to impreve them even further 
than they have already been 


improved by all the research 
they cite. 

Their views and those of the con- 
ferees are given in a book entitled 
“Graphic Communication—and the 
Crisis in Education,” obtainable from 
the Department of Audio-Visual In- 
struction of the National Education 
Association, 1201 16th Street, N.W., 
Washington 6, D.C. We suggest the 
hard-cover edition at $2. It makes 
just the right noise when slapped down 
at the opposite end of the table from 
any finance committee member who 
insists on something scientific that 
he can take home in his briefcase. 


The wordy vitamin 

In the three years 1955 through 
1957, there have appeared to 
our knowledge 119 papers in 
the world’s scientific literature 
on the occurrence and distri- 
bution of vitamin E, 60 on the 
determination of vitamin E, 
148 on its chemistry, 362 on 
its relation to physiology and 
pathology, 85 on its pharma- 
cology, 275 on its role in nu- 
trition and metabolism, and 
335 on its medical and thera- 
peutic uses. There has been an 
international congress on vi- 
tamin E in Venice, and the 
vitamin has been definitely re- 
lated to the hatchability of 
turkey eggs. 

Because we like to think of 
ourselves as a potent force in 
the investigation and commer- 
cial production of vitamin E, 
one or the other of us has, with 
varying degrees of belief, read 
every one of these papers. We 
have subsequently prepared 
an annotated bibliography of 
them for distribution by the 
National Vitamin Foundation, 
149 East 78th Street, New 
York 21, N. Y., the fourth 
such we have done. If you have 
use for a copy, you can state 
your case to the Foundation. 


Now that it is printed, we have at 
least one regret. On page 56 we see 
the word “preventative.” Rhetoricians 
deplore the word “preventative.” 
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CLEVELAND 6, OHIO 
1945 East 97th Street 
Tel. VUlcan 3-2424 


CINCINNATI 13, OHIO 
6265 Wiehe Rd. 
Tel. REdwood 1-9100 


Contact 


HARSHAW 
SCIENTIFIC 


for your 
Laboratory’ s 
Building Blocks 


FURNITURE 
APPARATUS 


INSTRUMENTS 
EQUIPMENT 
GLASSWARE 


CHEMICALS 


Harshaw stocks many thou- 
sands of items—from corks 
to electron microscopes— 
obtained from over 800 manu- 
facturers in all parts of the 
country. We would welcome 
an opportunity to serve you. 


HARSHAW SCIENTIFIC 


Division of The Harshaw Chemical Company 
Cleveland 6, Ohio 


BRANCHES 


DETROIT 28, MICH. ' LOS ANGELES 22, CALIF. 
9240 Hubbell Avenue 3237 So. Garfield Ave. 
Tel. VErmont 6-6300 Tel. RAymond 3-3161 


HOUSTON 11, TEXAS PHILADELPHIA 48, PA. 


6622 Supply Row Jackson & Swanson Sts. 
Tel. WAinut 3-1627 Tel. HOward 2-4700 


SALES OFFICES 


AMARILLO, TEXAS, 3409 S. Jackson Street «+ ATLANTA 5, GEORGIA, 3130 Maple Drive, N.E., Tel. CEdar 3-3560 

BATON ROUGE 6, LOUISIANA, 3160 Florida Street, Doherty Building, Room 103, Tel. Dickens 3-1933 + BUFFALO 2, 

NEW YORK, 260 Delaware Avenue, Tel. GArfield 9-2000 * HASTINGS-ON-HUDSON 6, NEW YORK, Tel. HAstings 

5-8250 + OAKLAND 11, CALIFORNIA, 3826 Piedmont Avenve, Tel. Olympic 5-6511 + PITTSBURGH 22, PA., 
504 Bessemer Building, 6th St. & Fort Duquesne Boulevard, Tel. ATlantic 1-7930 
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One Manufacturer’s Opinion 


A Welcome Borrowing 


Observing the success of quality control in industry, pro- 
fessional groups are asking why quality control techniques 
should not be applied to other areas. Recent events point up 
demands by leading scientists for this application—especially 
to those areas dealing with the safeguarding of human life. 


Aside from the particular product or service offered by a 
manufacturer, long-term success is, after all, dependent on 
the guarantee of reliability and quality offered the consumer. 
Knowing this, industry has developed rigid quality control 
over production. Extensive testing, taking weeks or months, is 
undertaken before release of a product run. This testing serves 
a dual purpose. First, efficiency in manufacturing is main- 
tained and guarded; secondly, the product or service offered 
is kept at a standard to satisfy the discriminating public. 


In the clinical laboratory, advances made in specific instru- 
mentation, methods, technique, and diagnostic reagents have, 
until recent years, greatly exceeded the overal! quality con- 
trol practiced over biochemical determinations. 


It is not surprising that modern advances and antiquated 
control are functioning side by side in laboratory testing. 
Adequate control measures have not becn available. 


Now, two major steps have been taken to fill this void. 
First, the application of statistical measures of precision 
and of accuracy, and the routine use of the specific deviation 
yardstick are becoming widespread in revealing laboratory 
efficiency problems. Secondly, the common usage of two im- 
portant standards-in-serum for biochemical testing, Versatol 
(normal) and Versatol-A (abnormal), with known absolute 
values in the norma! and abnormal range, meet the demands 
of advanced laboratory analyses. 


Combined with technical skill, these safeguards over labo- 
ratory testing add welcome new chapters to accuracy in 
clinical chemistry. 


Versatol 
Versatol-A 


Quality control in 
clinical chemistry 
featured at 

scientific meeting 


Clinical Pathologists, Chemists Eye 
Application of Industrial Advances 
to Laboratory 


New York, N. Y., Nov. 12, 1958. 
Interest in clinical laboratory qual- 
ity control was heightened today 
when, the second time this month, 
this subject was covered at the 
Symposium on Laboratory Instru- 
mentation at the Hotel New Yorker. 
Stephen J. Koziol of Warner- 
Chilcott, in a paper on “Recent 
Developments in Increasing the 
Efficiency of Clinical Analyses”, 
stated the approach used by his 
firm: 


“The third... part deals with the 
objective standards and the objec- 
tive controls which may be applied 
by the conscientious laboratory 
worker — to assure that neither hu- 
man fatigue nor instrument fatigue 
are giving rise to clinically invalid 
results. Reference standards - 
closely duplicating both normal and 
pathological clinical chemistry 
specimens... have been developed 
to aid quality control within the 
clinical laboratory itself.” 


Two reference standards, Versatol 
and Versatol-A, which closely du- 
plicate both normal and pathologi- 
cal clinical chemistry specimens 
have been developed to aid quality 
control within the laboratory itself. 


Earlier, in this same Symposium, 
pioneers in microchemistry recom- 
mended Versatol and Versatol-A for 
the standardization of the newest 
microchemical methods. 


Quality Control in Clinical Chem- 
istry was a featured presentation 
earlier this month at the American 
Association of Clinical Pathologists 
meeting in Chicago. The use of 
freeze-dried reagents like Versatol 
and Versatol-A was recommended 
for routine daily control. 


LABORATORY SUPPLY DIVISION + WARNER-CHILCOTT, Morris Plains, N. J. 
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AMERICAN JOURNAL 
OF OBSTETRICS AND 
GYNECOLOGY 


AMERICAN HEART 
JOURNAL 


THE JOURNAL OF 
LABORATORY AND 
CLINICAL MEDICINE 


THE JOURNAL OF 
ALLERGY 


THE JOURNAL OF 
PEDIATRICS 


JOURNAL OF 
CHRONIC DISEASES 


THE JOURNAL OF 
THORACIC SURGERY 


SURGERY 


Published by 
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COMPREHENSIVE 
COVERAGE 


Official publication for thirty-one societies in obstetrics and 
gynecology. Indispensable to the physician who must have 
complete and authoritative coverage of these fields. 
Monthly, Domestic, $15.00; Canada & Pan-America, 
$16.00; Elsewhere, $17.50. 


An international publication for the study of all diseases of 
the entire circulatory system. Represents outstanding cardi- 
ology clinics everywhere. Since heart disease remains the 
leading cause of mortality and morbidity it merits your 
special study. Monthly, Domestic, $13.00; Canada & 
Pan-America, $13.50; Elsewhere, $14.50. 


Official publication for the Central Society for Clinical 
Research. Papers are devoted to basic problems in medicine. 
Their findings are broadly informative, having wide appli- 
cation in diagnosis and treatment. Monthly, Domestic, 
$13,00; Canada & Pan-America, $13.50; Elsewhere, 
$14.50. 


Official publication for the American Academy of Allergy. 
Every general practitioner, pediatrician, internist and der- 
matologist treats allergy as a matter of course. Yet the 
subject is so complex that special coverage of it is necessary 
if satisfactory results are to be uniformly obtained. 
Bi-monthly, Domestic, $10.00; Canada & Pan- 
America, $10.50; Elsewhere, $11.00. 


An independent pediatric journal, with the largest reader- 
ship throughout the world. Regular departments are: 
Medical Progress, Clinical Pathological Conference, Psy- 
chologic Aspects of Pediatrics, Comments on Current 
Literature, Editor's Column, News & Notes, and Book 
Reviews. Monthly, Domestic, $12.00; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Devoted to the humane, adequate, and economically -sound 
management of all long-term illnesses of all age groups. Its 
scope embraces the medical, psychological and sociological 
aspects of all chronic disease. Edited for general practitioners, 
internists, public health physicians and institutional per- 
sonnel. Monthly, Domestic, $12.50; Canada & Pan- 
America, $13.00; Elsewhere, $14.00. 


Official publication for The American Association for Thoracic 
Surgery. Traffic accidents, common household mishaps or 
the discovery of neoplastic disease may unexpectedly require 
the general surgeon to enter the pleural cavity. Recent 
developments in technique, equipment and accessory supplies 
have made surgical relief possible for a large number of 
morbid conditions. This rapidly-developing field is covered 
authoritatively. Monthly, Everywhere, $20.00. 


Representative of every surgical school and clinic in the 
United States and Canada. Presents the papers of the 
Society of University Surgeons and of The Society for 


Vascular Surgery. Features include: Recent Advances in’ 


Surgery, Appraisal of Progress in Surgical Therapy, Re- 
appraisa!, Editorials and Book Reviews. Monthly, Domes- 
tic, $15.00; Canada & Pan-America, $15.50; Else- 
where, $16.50. 


THE C.V.MOSBY COMPANY 


3207 Washington Bivd. 
St. Louis 3, Missouri 
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How to blish your radi tive ft program 
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Evaluation of thyroid f 4 using radioiodi 


Studies of kidney f with radi ive diodrast 


Estimation of cardiac output with radioiodinated 
serum albumin > 


Eval i of liver f with radioactive rose bengal 
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Measurement of red cell mass with radiochromium . 
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Fat digestion and absorption with radioiodine 


Scanning body areas for radioisotope concentrations .- 


Published and copyrighted 1958 by Nuclear Chicago Corporation 
223 West Erie Street, Chicago 10, Illinois 


send for this information on use of radioisotopes 


We will be happy to send you this new 
brochure outlining typical procedures and 
instrumentation required for the most 
important clinical radioisotope studies. Just 
mail the coupon. No obligation, of course. 


y 
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NUCLEAR-CHICAGO CORPORATION 
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Eliminate Laboratory 


“Washday Blues’’! 


FISHER LABORATORY 
GLASSWARE WASHER 


; : A laboratory appliance that saves time, temper and 
© Delivers Sparkling tedium—the Fisher Glassware Washer fills a real need 
in the modern laboratory for an automatic, gentle-as-a- 
Glassware lamb washer that cleans the most fragile ware to 
sparkling brightness. Deposits, clots, agar, precipitates, 
markings .. . all are completely removed. 
@ Cuts Labor and A variety of baskets permits washing many types of 
laboratory glassware; special holders are available for 
Detergent Costs Petri dishes, pipettes, slides, funnels, etc. The Washer 
holds six full baskets or three pipette holders and four 
baskets. 
© Reduces Breakage For “good housekeeping” made easier, learn more about 
the Fisher Glassware Washer. 


| This 8-Page 
Bulletin tells 


the story FISHER 
Details on this useful ap- Cc N T Cc 
pliance are included in 


I this handy, illustrated IN THE USA. Cleveland St.Louis IN CANADA 


Detroit Washington 
booklet. Write for your New York “Edmonton 


copy. Charleston, W.Va. Philadelphia IN MEXICO Montreal 
Chicago Pittsburgh Mexico City Toronto 
120 FISHER BUILDING America's Largest Manufacturer-Distributor of 
PITTSBURGH 19, PA. leboratory Appliances & Reagent Chemicals 
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OUTSTANDING 
ADVANTAGES 


GREATER ACCURACY 
MORE EASILY READ END- POINT 
SENSITIVITY 


4 


t 


a _prothrombin.and proconvertin, an important consideration 
in anticoagulant therapy. 

‘Act , p Leet | ne more easily read end-point—The granular pattern of the 
“formation of fibrin with ACUPLASTIN permits the tech- 
- nologist to observe the formation of a distinct and definite 
end-point. 

sensitivity—ACUPLASTIN detects, and can reproduce 
small but significant variations in plasma samples. 


THROMBOPLASTIN 
EXTRACT 


Ortho Pharmaceutical Corporation — 
Raritan, New Jersey 


THREE 
a 
; 
4 
\ greater accuracy for more precise clinical control. 
Pi A Med > Ne e ‘ 
}. 


“tic agitation of chamber 
conents 


Stationary, vertical extraction 
chamber 


Ball-and-socket glass joints 


Built-in timer; corrosion-resistant 
housing 


MAGNETIC 
STIRRING 
BaR 


Magne-Matic® 


MANOMETRIC MODEL 


VAN SLYKE BLOOD 


Contents of the chamber are agitated by a 
Kel-F coated magnetic stirring bar, which is 
readily inserted and is floated by the rising 
mercury into the chamber where it is held by 
the driving magnet and rotated in a vertical 
plane at a speed controlled by the rheostat. 

This method of agitation permits a sta- 
tionary chamber, thereby reducing the 
costly breakage experienced with the former 
method of violent shaking. The chamber is 
constantly vertical for rapid adjustment of 
meniscus, convenient addition of reagents, 
etc. The former troublesome rubber con- 
nection between chamber and manometer 
is replaced by a ball-and-socket glass joint, 


GAS APPARATUS 


permitting quick removal of chamber for 
cleaning, ete. 


Other improvements are: automatic timer for 
reproducible periods of agitation; large handle 
on lower stopcock for better flow control; housing 
of corrosion-resistant Formicaand Stainlesssteel; 
acid-resistant base with trough for spilled mer- 
cury; spring tension clips on stopcock plugs; 
unique illumination through a clear plastic col- 
umn which also serves as support forthe manom- 
eter; metal handle for the levelling bulb; all 
controls mounted on front panel; and rods at 
both sides for supporting accessory equipment. 
3593-A. Thomas-Van Slyke Manometric Blood Gas Apparatus, 
Magne-Matic®) (Patented), plete with gl e, two magnetic 
stirring bars, 16 oz. Polyethylene wash bottle, clamps, Tygon 
tubing, etc., but without mercury or pipettes. For 115 volts a.c, 


Copy of Bulletin 120 sent upon request. 


ARTHUR H. THOMAS COMPANY 


More and more laboratories rely on _— Laboratory Apparatus and Reagents 
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LETTER FROM THE EDITORS 


Dr. Richard B. Capps, Dr. Wendell Il. Hall, and Dr. Riehard W. Vilter 
have completed their six-year terms on the Board of Editors. On behalf of the 
Central Society for Clinical Research and the Editorial Board, we wish to ex- 
press our appreciation for their valuable services. 

Dr. Robert H. Furman, Dr. Robert M. Kark, and Dr. Gordon Meiklejohn 
have accepted appointments and Dr. Osear D. Ratnoff has accepted reappoint- 


ment on the Board of Editors. 
During the past vear the Editors and Board members have called upon 
many of their associates and colleagues in other universities to aid them in the 


evaluation of manuseripts. 


the past year are: 


Abell, Murray R. 
Alving, Alf. 8. 
Baker, Burton L. 
Barclay, William R. 
Barlow, Charles 
Bauer, Jere M. 
Bernstein, Isadore A, 
Berson, Soloman 
Bishop, Ronald 
Block, Walter D. 
Bollett, Alfred 
Braude, Abraham I. 
Bricker, Neal 8. 
Brown, Gordon 
Carr, Edward A., Jr. 
Cartwright, G. E. 
Chandler, Joseph P. 
Christensen, Halvor N. 
Christian, Charles 
Christman, Adam A. 
Conn, J. W. 

Coon, Minor JJ. 
Coreoran, A. C, 
Darby, William 
Davenport, Fred M. 
Davey, Winthrop N. 
Dennis, Edward 


Dingle, John 
Donaldson, Virginia 
Duff, Ivan F. 
Dunstan, Harriet 
Eckstein, Henry ©. 
Eder, Howard A. 
Elkinton, Joseph R. 
Fajans, Stefan 
Flink, Edmund B. 
Fowler, Willis M. 
Freeman, Smith 
Freinkel, Norbert 
French, A. James 
French, Arthur B. 
Furman, Robert 
Glazer, Helen 
Graham, Bruce 
Gurney, Clifford W. 
Hagen, Paul 8. 
Hanke, Martin 
Haserick, John 
Henley, Keith 
Hennessy, Albert V. 


Hilleman, Maurice R. 
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THE CENTRAL SOCIETY FOR CLINICAL RESEARCH 
AN EXAMINATION OF TITLE 
THORNTON Scort, M.D. 
LEXINGTON, Ky. 

KLLOW members and most welcome guests, the honor of addressing you is 
the highest of my professional life. At the moment of my nomination and 
election as Vice-President (of this Society), my initial reaction was that of 
anesthetized astonishment. When the anesthesia began to wear off, | began, as 
one might, to wonder why and to rationalize and, perhaps erroneously, to 
imagine that there might be, after all, some reason for selecting me, an impure 
scientist at best. This led me to reflections on impurity in general. Is it a curse 
or a blessing? Perhaps it is a bit of each. By definition it must be a mixture 
of the two, for anything totally impure must be pure, as is that which it totally 
pure. The worthiness of purity, then, must be judged in its context. Impurities 
are most disturbing in the analytic laboratory or in the turbines of a battleship, 
although highly desirable in the world of gastronomy and vitamins. Impurities 
in the atmosphere make a glorious sunset. Impurities distinguish the finest 
vintage wine from the aleohol of commerce, and fine old Bourbon from vodka. 
Last vear, | promised that the presidential address would be read by title 
only. This year | have immodestly reneged to the extent that it shall concern 
itself with an examination of title. The title given this Society by its founders, 
Central Society for Clinieal Research, implies impurity. The founders did not 
call it the Central Society for Pure Research. They injected the word 
*‘¢linieal.”” Some of us have felt that the Society, in recent vears, may have 
lost some of its pristine impurity. As a consequence of certain trends in Amer- 
ican medicine whieh have developed during my medical lifetime, an unfortunate 
cleavage has arisen between the pure elinician and the pure investigator, between 
the practicing physician and the academician. Similar cleavages have arisen 
between the artist, the intellectual, and the man of affairs. Perhaps these re- 
sult from lack of a preliminary basis of broad cultural edueation and an excess 
of technology. In this regard, our colleagues in England and on the Continent 
are not so sorely afflicted. I should like to believe that those responsible for my 
addressing you were cognizant of my interest in research and the investigative 
method, while at the same time actively engaged in clinical practice. It is, 
therefore, my hope that this address may help in some way to heal this schism, 
which should never have existed, between pure science and clinical medicine, 


Identical principles must govern any proper study. Desire for truth and the 


Presidential Address, Thirty-first Annual Meeting of the Central Society for Clinical 
Research, Chicago, Illinois, Oct. 31 and Nov 1958. 
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ability to recognize it; avoidance of self-deception or distortion of results; re- 
straint of enthusiasm ; and the basic principles of logic must underlie all of our 
intellectual efforts. Imagination and an alert, honest, and inquiring mind are 
as essential at the bedside as in the laboratory. Negleet of these principles can 
lead to the worst in armchair medicine as well as to the worst in potboiling, 
grant-consuming publications promulgated by ‘‘measuring worms’’ and what 
one might call ‘‘metrognomes.’’ 

| should like to cite briefly an example of what I consider fundamental and 
good eclinieal investigation, the work of a group at the United States Public 
Health Service Hospital in Lexington, Isbell, Fraser, and Wikler. In an elabo- 
rately controlled way, in two carefully planned studies, they addicted hitherto 
normal subjeets to barbiturates and to aleohol. They plotted the course of ad- 
diction, its effect on cerebral physiology and psyche, and then observed the effects 
of abrupt withdrawal. Detailed observations of these effeets can show us excit- 
ing vistas in the realms of psychiatry, pharmacology, and neurophysiology. 
By using organie agents and withdrawing them, they have produced grand mal, 
psychomotor and petit mal seizures, psychoses, neuroses, hallucinations, and hys- 
terical reactions. Many of these manifestations had been hitherto considered 
purely functional; yet, they were produced not by the exhibition of an organic 
agent but by its withdrawal. Such studies as these could well give pause to the 
supernaturalists and intrauterine behaviorists, and give support to physiologic 
‘“‘unitarians.’” With regard to aleoholism they have shown that delirium tremens 
and other psychoses can be caused by the abrupt withdrawal of aleohol—a belief 
firmly held in previous generations, but forgotten in the wave of enthusiasm 
for vitamin deficiencies. 


After this divertimento, we now come to the development section of our 
theme. After much discussion with members more widely experienced than I, 
it became evident that many consider that this Society has attained sufficient 
dignity and seniority to strike out in a new direction and develop a character 


more nearly its own. Many believe it is no longer necessary or desirable to 
compete with the various Federations for papers which are, in the main, method- 
ological. Some believe we should combine some of the better aspects of the 
Association of American Physicians with the better characteristics of our own 
Society as it now stands. We could benefit from more active participation in 
the affairs of the Society by older and more experienced members, many of 
whom are on the emeritus list. Some of them were in at the birth and played 
an important part in its development. We should hold their interest and utilize 
their talents. Indeed, it would be well for the Society to eleet one emeritus mem- 
ber and one aetive member to the council each year. Better balance could also 
be achieved by devoting one day to outstanding papers of a nonclinieal nature, 
allowing sufficient time for clarification and development of ideas and fuller 
explanation for the benefit of those outside their narrow field of interest. The 
other session could be devoted to papers of a clinical nature. This might make 
it desirable to utilize Saturday afternoons to allow adequate discussion. In this 
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way, we could offer varied programs in a more leisurely fashion: These thoughts 


are offered for your consideration during the coming vear, You are urged to 


discuss their merits and demerits. 

In summary, we should examine the title of this Society and be reminded 
that it was founded by men who were primarily interested in medicine, both 
clinical and investigative. Our programs should maintain a more equable 
balance in this respect. We should use the talents of our more experienced 
members on the council and on the programs, to the end that we may enjoy what 
many of us have experienced at Atlantie City on many a May Monday, a hectie 
day of frantic but stimulating bewilderment, followed by a ealm Tuesday of 
clinical and cultural edification. 
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CLINICAL AND EXPERIMENTAL 


RENAL HEMODYNAMICS IN PATIENTS WITH COARCTATION OF 
THE AORTA 


Wavrer M. Kirkenpau., M.D., James W. CuLBertson, M.D.,* anp Joun W. 
M.D.,** 
Iowa Crry, lowa 


ILE renal circulation has been studied frequently in patients with coareta- 

tion of the aorta to support or refute the hypothesis that the systemic 
arterial hypertension seen above the aortic constriction in such patients results 
from renal ischemia. There are conflicting reports of (a) significantly de- 
creased renal blood flow and near-normal glomerular filtration rate,** (b) 
slightly decreased renal blood flow and glomerular filtration rate,* and (¢) nor- 
mal values for both funetions.*° Only Friedman and associates* have found a 
marked decrease in renal blood flow to be a consistent finding in all of their 
patients (6) with coaretation. The variable results have been interpreted by 
different investigators to substantiate one or the other point of view concerning 
the possible presence and significance of renal ischemia in this condition. Al- 
though it has been pointed out by Werko and associates’ that the demonstration 
of normal renal hemodynamies by current methods cannot exclude possible 
localized renal ischemia as a cause of the hypertension of coaretation patients, 
demonstration of normal kidney blood flow rates and normal arteriolar resistance 
in the renal eireuit would serve to make generalized arteriolar constriction and, 
hence, significant sustained renal ischemia unlikely. 

The postulate that there is generalized systemie arteriolar constriction in 
patients with coaretation of the aorta was proposed first by Steele* in 1941. He 
suggested that the observed hypertension was not caused entirely by mechanical 
obstruction to blood flow from the proximal aorta but resulted partially from a 
humoral vasoconstrictor, which probably was produced by renal ischemia. We 


have discussed this proposal in a previous report on the general hemodynamics 
and visceral cireulation in 10 patients with coarctation of the aorta.” 
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The purpose of this paper is to report our renal physiologic findings in 
21 patients (14 men and 7 women) with coarctation of the aorta and to examine 
these data for evidence favoring or opposing the hypothesis that generalized 
arteriolar constriction frequently causes the upper compartment hypertension 
seen in patients with this congenital vascular anomaly. Since the hemodynamic 
pattern may not be the same in all patients, and since conflicting reports on 
renal hemodynamies are more conspicuous than on other features of the disorder, 
we extended our own series of renal observations to 21 patients in the hope of 
encompassing the entire range of hemodynamic patterns for analysis in a single 
experimental series. 


SUBJECTS AND METHODS 


All 21 patients reported in this investigation had been admitted to the State University 
of Towa General Hospital. Each had unequivocal clinical and laboratory signs of coaretation 
of the aorta, and 19 of them underwent corrective surgery after completion of research 
studies. Two patients, WOL and CLY, were unwilling to have the operation, although both 
were considered medically suitable despite the fact that WOL was relatively old (44 years). 
Renal circulation was studied by means of standard plasma clearance techniques,!” 
with the use of sodium para-aminohippurate (PAH) to measure effective renal plasma flow 
(Cyan). Glomerular filtration rate was measured by inulin clearance (C,,) in 19 patients and 
by sodium thiosulfate clearance!! in 2 (GRO and CUP). Inulin determination in one patient 
(RYA) was made by Schreiner’s modifieation of the Roe resorcinol method!2 and in the other 
18 by a diphenylamine technique.1° Satisfactory diuresis was promoted by oral administration 
of water to all patients. After appropriate priming, an equilibration infusion period of 35 
to 49 minutes preceded each study. Venous blood was collected from the arm through an 
indwelling Unger needle 2 minutes before the mid-point of each urine collection period of 
approximately 14 minutes. Relatively constant plasma levels of the test drugs were main 
tained, All observations were made with plasma inulin in the range of 20 to 40 mg., sodium 
thiosulfate 20 to 40 mg., and PAH 1 to 3 mg. per 100 ml. Tubular excretory mass (Tm,,)) 
Was measured in 3 patients with plasma PAH of 60 to 80 mg. per 100 ml. Each reported 
plasma clearance value is the average of at least 3 determinations in each patient and has 
been corrected to a standard surface area of 1.73 square meters, Effective renal blood flow was 
1 
1 — hematocrit’ 
Phasie and electrically integrated mean pressure levels were measured with capacitance 
manometers through indwelling needles in the brachial and femoral arteries and were reg 
istered by a direct-writing oscillograph,* unless otherwise indicated. Renal resistance values 


were caleulated by the method of Gomez!* from electrically integrated mean femoral arterial 


calculated from the effective renal plasma flow by the multiplication factor: 


pressure in 17 patients. In patient FOR, a sphygmomanometrice femoral arterial pressure 
was used for the caleulation of renal resistance, the mean pressure being taken to be the 
diastolic pressure plus 43 per cent of the pulse pressure.t4 In 3 patients neither auseultatory 
nor direct femoral arterial pressure measurements were obtained; therefore, renal resistance 
values are not estimated for them. 

Gomez’s formulation for the estimation of segmental renal vascular resistance was used 
to demonstrate hemodynamic differences which might not be apparent otherwise. Since no 
characteristic or regular anatomic changes are known to occur in the kidneys of patients 
with coarctation, we believe that the use of this method of caleulating renal resistance is as 
valid in these patients as it is in those with essential hypertension.’5 We recognize the 
assumptions required for application of these formulas to kidney function even in the absence 
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of demonstrable organic vascular disease. The problem of validity is much greater when 
the Gomez formulas are used to caleulate segmental vascular resistance values in the presence 
of congestive heart failure.” 

To provide information for comparison with our observations in human aortic coareta 
tion, we averaged similar renal hemodynamic data obtained in our laboratory from 25 normo 
tensive men without evidence of cardiovascular or renal disease and from 29 male patients 
with mild or moderate essential hypertension, Inulin clearance was used to measure glo 
merular filtration rate in each instance. Patients were considered to be hypertensive if the 
average of 4 systemic arterial diastolic pressure readings on each of 3 successive days just 
prior to the renal clearance study was 90 mm, Hg or more. All blood pressure records were 
made with the subjects resting in a recumbent position. None of the hypertensive control 
patients had evidence of congestive heart failure, myocardial or cerebral infarction, azotemia, 
or primary renal disease. Twenty-one of the normotensive control men without eardio 
vascular or renal disease were drawn from the hospital and outpatient clinieal population, 
and careful examination revealed no significant disease in any of them; the remaining 4 
were healthy medical students. The men in both control groups were below the age of 50, 
and all were studied during the same total elapsed time period during which the coaretation 
data were being accumulated. Calculation of renal vascular resistance in these normal sub- 
jects and hypertensive patients was based on meant systemic arterial pressure calculated 
from brachial cuff measurements and on an assumed renal venous pressure of 10 mm. Hg, 
since none of these individuals was in heart failure. The same renal venous pressure was 
used for patients in whom distal occluded pulmonary artery (‘‘capillary’’) pressure was 
normal and in those compensated patients in whom cardiae catheterization was not done. 
Whenever cardiac catheterization was omitted, great care was taken to make certain that 
the patient did not have clinical signs of congestive heart failure. Specifically, in these 
patients there was no evidence of increased systemic venous pressure, and no hepatojugular 
reflux could be demonstrated; nor was there any evidence of pulmonary congestion, clinically 
or radiographically. In the 4 patients with congestive heart failure the renal interstitial 
pressure and the renal venous pressure were assumed to be the same. A standard value of 
7 Gm. per 100 ml. was used for total plasma protein in all caleulations except those involv 
ing patients with congestive heart failure, where observed plasma protein values were used. 
The average normal finding in our ¢linical biochemistry laboratory is 7 Gm., and we verified 
this in a majority of the patients with coarctation, Statistical analyses of the various 
functions were made by standard methods.15 

Measurements of minute volume cardiac output and total oxygen consumption, hepatic 
blood flow and splanchnic oxygen consumption, and arterial pressure levels in the upper and 
lower systemic compartments were made within 24 to 48 hours of the renal studies in 10 
patients. This information, with caleulation of total systemie (i.e., upper compartment ) 
arterial and splanchnic arterial resistance values, has been reported.® 


RESULTS 


I. Thirteen Men With Coarctation of the Aorta Not in Congestive Heart 
Failure (Table 1). 


A. Comparison with normotensive men: Patients with coarctation of the 


aorta were 7 years younger on the average and had significantly higher pressure 


in the upper systemic arterial compartment. In the lower compartment the 


measurements reflect the characteristic damping of the pressure pulse wave in 


*Not only is renal interstitial pressure elevated to an unknown degree in heart failure 
patients, but obvious organic changes occur in chronic congestive failure which render the 
interpretation of the data ever more difficult. Although we present the calculated resist- 
ance data for the 4 coarctation patients in congestive heart failure, we do so for purposes 
of comparison only and make no claim for validity. 


*Diastolic pressure plus 43 per cent of pulse pressure, 
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RENAL HEMODYNAMICS 11 
systolic and diastolic phases for the coarctation patients, but their mean pressure 
is almost identical with that of the control group. There was a statistically 
significant increase in the filtration fraction in the coarctation group, as well as 
a similar increase in the net efferent renal vaseular resistance (Table IT and 
Fig. 1). In other functions, measured or ealeulated, there was no significant 
difference between the two groups. 

One of the factors responsible for the inerease in average filtration fraction 
and average net efferent arteriolar resistance was the relatively and absolutely 
high glomerular filtration rate of GRO (Table 1). It is possible that this value 
is falsely high, since sodium thiosulfate was used for the determination. In 
our hands the thiosulfate:inulin ratio has varied from 0.9 to 1.2, and there 
are reports of even higher values."° When tests of renal funetion were repeated 
6 months after surgical correction of the coarctation in this patient, the 
glomerular filtration rate (measured with inulin) had fallen from 226 to 164 
ml. per minute, while the renal plasma flow had risen from 971 to 1,133 ml. per 
minute, 

TMyan Was measured in 2 of these coarctation patients and was found to be 
92 mg. per minute for WOL, with Cyan: TmMyan and Cy: Tmpa, ratios of 6.8 and 
1.5, respectively; and 78 mg. per minute for RY A, with ratios of 8.1 and 1.6, 
respectively. These values are normal in our laboratory and in published re- 
ports."? 

B. Comparison with male hypertensive patients: The coarctation patients 
were younger ly 16 vears on the average and had significantly lower average 
hematocrit than did the hypertensive patients (Table Il). They had _ signifi- 
cantly lower brachial arterial diastolic pressure but comparable systolie and 
mean pressure levels. Femoral arterial pressure in all phases, however, was 
very significantly lower in the coarctation group. Glomerular filtration rate 


and renal plasma flow were significantly higher in the coaretation group, but 


renal blood flow was not increased proportionately (reflecting the influence of 
the higher hematocrit of the hypertensive group). The highly signifieant dif- 
ference in total renal vascular resistance between the two groups (Table If and 
ig. 1) is caused by the excessively high afferent arteriolar resistance in the 
essential hypertensives. The renal vascular resistance pattern in the coareta- 
tion patients, by sharp contrast, is remarkably similar to that of the normoten- 
sive men. Equally striking is the fact that the normotensive men and hyper- 
tensive men showed highly significant differences between these two control 
groups in all of the hemodynamie functions tested exeept glomerular filtration 
rate (Table IL). 

Il. Women With Coarctation of the Aorta, Not in Congestive Heart 
Failure (Table 1).—The renal function measurements in these 4 patients with 
coarctation of the aorta have been compared with the 17 normal women. re- 
ported by Goldring and associates'® and by Smith and associates."® The mean 
age of our women with coarctation was lower than that of this control group (21 
versus 33 years); but the average surface area was comparable (1.61 versus 
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Tanne tl, Comparison or Pitysican CHARACTERISTICS, ARTERIAL BLoop PRESSURE, AND 
ILYPERTENSION AND 


COARCTATION PATIENTS NORMOTENSIVE 


FUNCTION” UNIT MEAN D. | MEANt 


Mean glo- 
merular filtration rate was almost identieal (118 versus 117 ml. per minute) in 
the 2 groups. The estimated renal plasma flow, 562 (PAH) versus 594 (Dio- 
drast) ml. per minute, and the renal blood flow, 919 versus 982 ml. per minute, 


1.63 M.*), as was the mean hematoerit (38.8 versus 39.5 per cent). 


were higher in the normal control group; nevertheless, the average values for the 
coarctation women were well within the normal range (594 + 102 and 982 + 184). 
The filtration fraction was slightly higher in the coarctation group (0.21 versus 
0.20). 

In the caleulation of renal resistance from the normal blood flow figures 
reported by Goldring'® and Smith'® and their associates each woman was as- 
sumed to have had a plasma protein level of 7 Gm. per 100 ml., a renal venous 
pressure of 10 mm. Hg, and a mean brachial arterial pressure of 95 mm. He. 
The last figure was used because it was the approximate value quoted by Master 
and associates®’ for women of this average age in the general population. Fig. 1 
and Table TV show the renal vascular resistance values of the two groups. 

I1l. Patients With Coarctation of the Aorta and Congestive Heart Failure 
(Table 111).—Three of the 4 patients in this group were women. All of them 
had mild degrees of clinical myocardi«! decompensation, although KEN had 
ankle edema and a distal occluded pulmonary artery (‘‘eapillary’’) pressure 
of 28 mm. Hg when the renal studies were made. AHL had a pulmonary 
‘‘eapillary’’ pressure of 26 mm. Hg, an arteriovenous oxygen difference of 9.0 
ml. per 100 ml. and a eardiae index of 2.7 liters per minute. MeC’s systemic 
venous pressure measured at the right antecubital area was 205 mm. H.O. She 
had, also, cardiomegaly and mild orthopnea. LED, the only man in this group, 


SUBJECTS 


RENAL 


8. D.t 
Number 13 25 
Age Years 24 10 31 8 
Surface area M.2 1.81 0.18 1.84 0.21 
Hematocrit Decimal 0.43 0.03 0.45 0.10 
Arterial pressure 
Brachial systolic mm. Hy 177 30 121 9 
Brachial diastolic mm. Hg 97 13 76 S 
Brachial mean mm. Hg 126} 20 95 S 
Femoral systolic mm, Hyg 1126 11 (121) (9) 
Femoral diastolic mm, Hg 836 9 ( 76) (8) 
Femoral mean mm. Hy 949 10 ( 95) (8) 
GER ml./min./1.73 M.2 137 30 127 16 
RPE ml./min./1.73 M.2 615 139 674 41 
RBE ml./min./1.73 M.2 1,082 108 1,226 250 
Os Decimal 0.225 0.031 0.192 0.031 
RA 10° dynes see. em.-5 2.4616 1.311 2.231 0.869 
R'E 108 dynes sec, 2.091$ 0.273 1.736 0.299 
RV 10% dynes see, em-5 1.8886 0.406 1.686 0.313 
R 10° dynes see, em.-5 6.4406 1.763 5.657 1.242 
*Key to abbreviations: GER average glomerular filtration rate; RPF average effective renal 
Plasma flow; RBEF average effective renal blood flow; FF average filtration fraction; RA renal 
afferent arteriolar resistance: R'E renal net efferent resistance; RV renal venular resistance; R = 
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HeMovpyYNAMIC Data IN MALE PATIENTS WITH COARCTATION OF THE AORTA AND ESSENTIAL ARTERIAL 
IN NORMAL MEN 


| COARCTATION PATIENTS COARCTATION PATIENTS | HYPERTENSIVE PATIENTS 


HYPERTENSIVE VERSUS VERSUS VERSUS 
PATIENTS | NORMOTENSIVE SUBJECTS | HYPERTENSIVE PATIENTS} NORMOTENSIVE SUBJECTS 
MEANt | 5S.D.t | t p | t | p t | Pp 
29 
40 7 2.282 < 0.05 5.816 < 0.001 4.342 < 0.001 
1.93 0.18 0.429 < 67 1.967 < 01 2.037 < 0.05 
0.46 0.03 0.690 < 0.5 2.727 < 0.01 0.526 Cart 
168 28 8.593 < 0.001 0.918 < 04 7.920 < 0.001 
110 l4 3.214 < 0.01 2.346 < 0.05 10.753 < 0.001 
135 20 6.547 < 0.001 1.229 < 0.8 9,229 < 0.001 
a (168) (28) (2.499) (< 0.02) (6.306) (< 0.001) 
a (110) (14) ( 2.263 ) (< 0.05) (5.815) (< 0.001) 
Es (135) (20) (0.312) (< 0.8 ) (4.752) (< 0.001) 
ru 118 23 1.300 < 0.3 2.188 < 0.05 1.618 < 0.2 
515 125 1.912 < 0.1 2.263 < 0.05 6.250 < 0.001 
i 952 251 1.926 < 0.1 1.753 < 0.1 3.946 < 0.001 
i 0.233 0.032 3.007 < 0.01 0.749 < 0.5 5.125 < 0.001 
; 7.048 3.241 0.604 < 0.6 4.440 < 0.001 7.097 < 0.001 
2.099 0,352 3.278 < 0.01 0.071 > 0.9 3.989 < 0.001 
2.209 0.575 1.581 < 0.2 1.662 < 0.2 3.992 < 0.001 
11.350 3.870 1.441 < 0.2 3.963 < 0.001 6.943 < 0.001 


: ‘A tabular record of the original data from which these means and standard deviations were de- 
rived has been deposited as Document No. 5689 with the ADI Auxillary Publications Project, Photodu- 


plication Service, Library of Congress, Washington 25, D. C. A copy may be secured by citing the document 
number and by remitting $1.25 for photoprints or for 35 mm. microfilm. Advance payment is required. 
Make checks or money orders payable to: Chief, Photoduplication Service, Library of Congress. 
tNumber 12. 
§ Number 11. 
: The figures in parentheses brachial arterial blood pressure used for hypertensive patients and 
normal men, 


had only a slightly elevated distal occluded pulmonary artery mean pressure (13 
mm. Hg), but this arteriovenous oxygen difference was inereased to 5.2 ml. per 
100 ml., and his eardiae index was only 2.24 liters per minute. Because of these 


x findings, we considered this patient to have incipient congestive failure although 
| his renal function findings did not deviate far from average normal values 
Ay (Tables II] and IV). He represents an early transitional stage from the e 
ou ables ane bi e represents an early transitional stage from the com- 
r pensated to the moderately severe congestive failure group. 

" All of these heart failure patients had decreased renal plasma flow, normal 


glomerular filtration rate, and high filtration fraection—as well as inereased 
postglomerular (net efferent and venular) renal vascular resistanee—when com- 
pared with normal subjects. One should note that the mean femoral arterial 
blood pressure was low in this group (Tables T and HL). Tima, in KEN was 


reduced to 45 mg. per minute; Cyan: Was 8.4, and Tmya, was 2.9. The 
2 latter ratio is high, indieating that the glomerular filtration rate was maintained 
4 better than was the ability to exerete sodium para-aminohippurate and showing 
that adequate glomerular funetion was preserved while tubular funetion was 


impaired. These hemodynamic characteristics are similar to those of patients 


in mild congestive heart failure from other causes, although glomerular filtration 
. . . 
¥ rate in this group was maintained unnsually well, 
if DISCUSSION 


Only the compensated male coaretation group was used for comparison with 
normal subjeets and hypertensive patients for statistical tests beeause of the 
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adequate size of these 3 groups (Table IL). When our women without heart 
failure were compared with reported values for normotensive subjects (Fig. 1 
and Tables I and IV),"*' the results were similar to those found in our ecom- 
parison of the corresponding groups of men. 


TABLE IV. MEAN RENAL VASCULAR RESISTANCE IN SPECIAL GROUPS 
NUMBER 
IN 103 DYNES SEC. CM.-5 
CHARACTER OF GROUP GROUP A* | R’E* 
Man with coarctation and incipient con- 
gestive heart failure 2.2 1.998 1.014 
Women with coarctation in modest heart 
failure : 3.268 3.148 
Women with coarctation without heart fail- 


ure : 3.950 2.422 1.896 
Normal woment 3.032 2.028 2.108 
Standard deviation +0.919 +0.358 +0.484 


*See footnotes to Table Il for key to abbreviations. 

References 18 and 19. 

In coarctation patients not in failure (Table 1) upper compartment sys- 
temie arterial pressure was elevated in all phases, but the pulse pressure was 
wide. Conversely, a narrow pulse pressure in the lower arterial compartment 
was associated with a low systolie, somewhat elevated diastolic, and normal 
mean pressure level. This suggests that the hemodynamic changes in the upper 
arterial compartment may represent adaptive changes which serve to maintain 
ample perfusion pressure for abdominal viscera. These observations tend to 
confirm the view of Gupta and Wiggers*' that the narrowed pulse pressure be- 


low the aortic constriction refleets physical damping of the arterial pressure 


pulse wave. Although 5 of 11 coaretation men had diastolic pressure of 90 mm, 
Ilg or more in the lower compartment, the mean pressure of the group averaged 
only 94 mm. Hg and was almost identieal with that of the normotensive subjects 
(p = <0.8). 

Inspection of the renal hemodynamie findings reveals no striking deviation 
from normal volumes. The mean renal blood flow rate falls in the lower normal 
range, and the glomerular filtration in the upper normal range, with resultant 
elevation in the (derived) filtration fraction. Calculated renal vascular resist- 
ance values were normal in the preglomerular segment and elevated in the post 
glomerular components (net efferent and venular), in the presence of a normal 
or slightly elevated glomerular filtration pressure. This dynamie pattern might 
be explained in any one of three different ways: (a) that it is part of a general 
ized arteriolar constriction in both upper and lower systemic arterial compart- 
ments in response to a humoral influence, (b) that it is a localized manifestation 
of fright or apprehension in a group of patients who are younger than the nor- 
mal controls, and (¢) that it is an adaptive vaseular reaction aimed at maintain- 
ing adequate glomerular filtration pressure in the face of a threatened fall in 
renal perfusion pressure. Evidence against generalized systemic arteriolar 
constriction has been presented in a previous communication.” Fright and ap- 


prehension seem unlikely as consistent factors in view of the demonstrated 
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hepatic hyperemia and the absence of tachyeardia and hyperventilation in most 
of these patients under test conditions, although sueh faetors may have been 


responsible for some of the changes observed in individual patients. Therefore, 


we favor the probability of a local autonomous renal yascular adaptive response 


to the chronie circulatory handicap. Even the presence of a normal renal arte- 


rial perfusion pressure may not be adequate for normal glomerular filtration in 
the absence of the usual pulsatile character of the blood flow through the arterio- 
lar capillaries of the glomerular tufts, since in these coarctation patients the 


arterial stream is characterized by greatly damped pressure pulse waves of re- 


markably small amplitude. Reactive postglomerular vasoconstriction is a cus- 


tomary autonomous renal response to a fall in systemic arterial pressure, as in 


hypovolemie shock or in congestive heart failure. Examination of the renal 


vascular resistance values in the 3 coarctation patients in mild or moderate heart 


failure (Table IV) shows that, in the face of a reduction in renal perfusion 


pressure (Table IIL), the, postglomerular resistance manifests a rather sharp 


rise. 


A provoeative question raised by these data is whether the loeus of origin 


of the principal visceral circulatory demand stimulus resides in the kidneys or 
in their associated regional vasculature, since the renal cireulation approaches 


normal while the ¢ireulatory rate to the other abdominal viseera is of a hypere- 


mie order.” 


There remains a question whether varying width of the arterial pulse 
pressure in the upper compartment may reflect the presence or absence of 
general arteriolar constriction in the lower arterial compartment.” Even in our 


patients who had elevated diastolic and mean brachial arterial pressure levels, 


we failed to find elevated mean femoral arterial pressure or signifieant reduction 
in renal blood flow rate. Therefore, we believe that differences in’ brachial 
arterial pressure patterns reflect differences in degree of development of col- 


lateral arterial cireuits, rather than representing degree of arteriolar constriction 


below the aortie obstruction. We agree with Genest and associates,” however, 


that coaretation patients manifesting both systolie and diastolic hypertension 


in the brachial artery outnumber both those with only systolie hypertension and 


the uncommon individuals with normal blood pressure who are not in congestive 
heart failure (Tables | and IIT). 


We chose to compare the coarctation of the aorta group with the group of 


patients having essential bypertension (Table IL), sinee it is probable that renal 


hemodynamics in patients with hypertension of the idiopathie diastolic variety 


are the same as those in patients with hypertension secondary to demonstrated 


renal ischemia. Although the differences were not so striking in most instances 


as between the essential hypertensive and the normotensive groups, the renal 


hemodynamie characteristics of the coarctation group were signifieantly nearer 


normal than those of the essential hypertensive group, even in the face of a 


greatly lowered mean renal arterial pressure. This comparison demonstrates 


that the inereased resistance in the kidney in patients with coarctation of the 
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aorta is located in a different segment of the renal vascular cireuit and is of a 
different degree of magnitude than the renal resistance of the hypertensive 
group. Although this does not rule out the possibility that there is a humoral* 
stimulus for the modest increase in postglomerular resistance values in the 
coarctation of the aorta patients, it does render unlikely the possibility that ihe 
same type of stimulus which exists in patients with essential (and presumably 
renal ischemic) arterial hypertension is operative in patients with coarctation 
of the aorta. 

When patients with coarctation of the aorta suffer congestive myoeardial 
decompensation, they quickly lose the effectiveness of their previous hemody- 
namie adaptation. In them we find a diminution in both stroke volume and 
minute volume ecardiae output, a fall in brachial arterial pressure, and a redue- 
tion in both femoral arterial pressure and renal blood flow. There is a corres- 
pondingly sharp rise in filtration fraction and in postglomerular renal vaseular 
resistance values. This special group of coarctation patients may have eaused 
confusion in those previous reports in which general hemodynamie observations 
were not made in order to segregate them from compensated patients with 
coarctation of the aorta. This probably has created a talse impression of the 
incidence of diminished renal cireulation in this condition. 

Our interpretation of the data presented in this paper is that the renal 
cireulation in uncomplicated patients with coarctation of the aorta is essentially 
normal. We believe that the observed minor changes in blood flow and vaseular 
resistance represent a local renal regulatory response either (a) to the narrowed 
pulse amplitude or (b) to a threatened fall in renal perfusion pressure associated 
with the congenital cireulatory handicap. We have no evidence to support the 


view that there is generalized systemic arteriolar constrietion in our patients 


with coarctation of the aorta. The subnormal total arterial resistance is es- 
pecially striking in the splanchnic arterial bed but is found also in the upper 
arterial compartment in the majority of the definitely compensated patients.” 
This is in sharp contrast to the situation in experimental coaretation, where the 
evidence suggests that generalized arteriolar constrietion occurs*’ and that a 
humoral vasoconstrictor may cireulate.* It is likely that the difference between 
the clinical disorder and the experimental preparation is related to the difference 
in age of the subjeets at the time of production of the aortie constriction and 
the opportunity of the human to develop adequate collateral arterial channels. 

A point of great interest to us in support of the hypothesis that these 
patients do not have generalized systemic arteriolar constriction is their clinical 
course when untreated. They tend to die prematurely of congestive heart fail- 
ure, rupture of small saccular aneurysms, or of dissection of the aorta—all 
lesions secondary to the abnormal stress produced by an excessive cardiae stroke 
volume or long-standing hypertension, or to the effects of these factors or other 
congenital defects.” They do not die of progressive renal disease, nor do they 
have a high incidence*’ of toxemia of pregnaney (actually the ineidenee of 


*Epinephrine may produce this type of renal hemodynamic pattern. 


‘ 

i. 


1s KIRKENDALL, CULBERTSON, AND ECKSTEIN I. Lab, 8 Che. Med. 
toxemia seems to be remarkably low, suggesting that some feature of the cir- 
culatory adjustment to the coarctation may exert a protective effect; e.g., the 
demonstrated hepatic hyperemia or the probably adequate placental cireula- 
tion). They do not develop severe retinopathy with papilledema, exudates, and 
hemorrhages.*” ** Thus, they fail to exhibit several serious renal and vascular 
complications that one expeets to encounter often in patients having essential 
arterial hypertension or the hypertension associated with primary renal dis- 
ease.*® 

Because of these physiologic and clinical observations we do not believe that 
the upper compartment hypertension frequently seen in these patients is see- 
ondary to renal ischemia. Failure of the blood pressure of coaretation patients 
to return to normal soon after surgical resection and anastomosis has been 
proposed** *' as evidence for a renal mechanism in the production of hyperten- 
sion. The long-term postoperative behavior of the arterial pressure is under 
study in our laboratory, but it should be stated that at least 3 other factors can 
and probably do contribute to the arterial hypertension seen after plastic re- 
pair of the aortic defect: (a) In patients with aortie coarctation the larger 
vessels of the upper compartment become atherosclerotic with advancing age,” 
probably as a result of injury by the chronie systolic hypertension there. Con- 
sequently, the postoperative brachial arterial pressure readings cited may be 
aseribed partly to inelasticity of these vessels and the proportiorfately reduced 
effectiveness of the aorta as a truly elastie reservoir and a secondary pump. 
Thus, these patients may have functionally ‘‘old’’ arteries above the aortic 
constriction, with significant degrees of atherosclerosis to account for the post- 
operative persistence of some systolic hypertension. (b) There is a tendency 
for the distal portion of the aorta below the constriction to be hypoplastic.” 
The reseetion of the coaretated segment may fail to convert the repaired aorta 
into a compression chamber of normal capacity, with resultant ‘* physiologic 
foreshortening’’ of the aorta intermediate between the anatomic foreshortening 
prior to operation, on the one hand, and a systemie arterial tree of normal 
capacity, on the other. (¢) The huge bed of collateral arteries developed by a 
compensated patient with coaretation of the aorta through a period of years 
must continue to contain and conduct significant amounts of blood for a long 
time after excision of the coaretated segment and anastomosis of the divided 
aorta. These greatly dilated and tortuous collateral arteries (e.g., the inter- 
costals) cannot be expected to shrink promptly after operation to a normal size; 
consequently, total arterial resistanee to outflow from the upper compartment 
remains subnormal. Moreover, an adjustment period of unknown duration 
must be required for the lower compartment systemie arterioles to develop the 
constrietor capacity needed to provide ample resistance to the marked post- 
operative inerease in systolic pressure.“ Meanwhile, in order to maintain ade- 
quate mean arterial pressure for the abdominal viscera and lower extremities, 
stroke volume eardiae output and upper compartment systolie arterial pressure 
must continue to be elevated until the total systemic arterial resistanee rises to 
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normal. (The effective demand on the heart during this transitional postopera- 
tive period is the same as that seen in fever or in thyrotoxicosis or in the pres- 
ence of a large systemic arteriovenous communication.) If the entire systemic 
arterial bed becomes sufficiently smaller and normally vasoconstrictive, all hemo- 
dynamic values may return to normal. Yet they can be expected to change only 
in proportion to the gradual reduction in the ealiber of the collateral arteries, 
which may fail to shrink ultimately all the way to normal size, and to the 
development of normal arteriolar constrictive power in the lower compartment. 


SUMMARY AND CONCLUSIONS 


1. Measurements of renal blood flow and glomerular filtration rates, as well 
as brachial and femoral arterial pressure levels, were made in 21 patients (14 
men and 7 women) with eoaretation of the aorta. Segmental renal vaseular 
resistance values were calculated in 18 of them. These data were compared 
with similar information obtained in our laboratory from 25 normotensive men 
and from 29 men with idiopathie systemie arterial hypertension. Beeause | man 
and 3 women had varying degrees of congestive heart failure when studied, they 
were excluded from these comparisons. 

2. No important renal hemodynamic abnormalities were found in patients 
with coarctation of the aorta who were not in congestive heart failure. Mean 
arterial perfusion pressure in the lower systemic arterial compartment was not 
elevated in these patients. As judged by effective renal blood flow rates 
measured by the plasma clearance method, there was no evidence of renal 
ischemia. 

3. In general the renal hemodynamie differences between our patients with 
coarctation of the aorta and normotensive subjects were small and can be ex- 


plained as representing autonomous loeal renal vascular adaptive responses 


operating to maintain adequate glomerular filtration pressure despite a long- 
standing cardiovascular handicap. By sharp contrast, the coarctation pattern 
differed very significantly both qualitatively and quantitatively from that of 
patients with essential hypertension. 

4. These observations support the hypothesis that generalized systemic 
arteriolar constriction is not characteristic of patients with coaretation of the 
aorta who are free of congestive heart failure, and that the upper compart- 
ment systemie arterial hypertension is not caused by a cireulating humoral 
vasoconstrictor like that postulated for primary renal hypertension ino man or 
for experimental coarctation of the aorta in laboratory animals. 

We acknowledge with pleasure the valuable technical assistance given us by Mrs. Gerry 
Johnston, Mr. Richard Linden, and Mrs. Barbara Porter Pray. Dr. Johann L. Ehrenhaft, 
Chairman, Division of Thoracie Surgery, Department of Surgery, State University of Towa, 


gave us the opportunity to study many of these patients and was extremely helpful in every 
phase of the investigation; we are deeply indebted to him and his staff, 
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FOLIC ACID AND VITAMIN B,. IN PERNICIOUS ANEMIA 
STUDIES ON PATIENTS TREATED WitH THESE SUBSTANCES OVER A 
TEN-YEAR PERIOD 
J. J. Witt, M.D., J. F. M.D., C. Broping, M.D., C. E. Kiety, M.D., 
8. FrrEDMAN, M.D., V. R. Hawkins, R.N., J. Dutra, M.D., 

AND R. W. Vitter, M.D. 

CINCINNATI, OHIO 


ITAMIN B,.,"* folie aeid,*:* and folinie acid® induce exeellent hemato- 

logic responses in patients with pernicious anemia in relapse. The remis- 
sions thus induced usually cannot be maintained by folie acid or related sub- 
stances unless vitamin B,, is given also.”'’ Other cellular components, such 
as the pyrimidine bases, thymine," uracil,'* and orotie acid,'* when given in 
very large doses, induce less dramatic hematologie recovery in these patients, 
and ascorbie acid’ occasionally has this effect. Of all these compounds, only 
vitamin B,. has been demonstrated to protect the nervous system and to pre- 
vent hematologie relapse."’'® Numerous observations in human beings and 
a vast literature in the biologic and biochemical sciences support the hypothe- 
sis of a chemieal interrelationship between these substanees.'"'* Over the past 
12 years, our Laboratory Staff has observed clinical and biochemical effects of 
these substances in patients with pernicious anemia, This report will describe 
our clinieal experiences with folie acid and vitamin B,, given singly to such 
patients as maintenance therapy for as long as remissions continued, and sev- 
eral biochemical studies which indicate that vitamin B,, plays a role in the 
metabolism of folie acid. No evidence has been found that folic acid has a 
direct effect on vitamin B,,. metabolism or increases the requirements of the 
pernicious anemia patient for this vitamin. 


MATERIAL AND METHODS 


Between 1945 and 1948, 46 persons with pernicious anemia were placed on a regime 
of folie acid, 30 mg. 3 times a week, given orally. Thirty-six of these patients have been 
followed for 1 to 10 years until hematologic or neurologie relapse occurred, until death or 
other circumstances removed them from the series, or until they were studied in a manner 
that involved the administration of vitamin B,,. Twenty-nine of these patients previously 
had been maintained satisfactorily on refined liver extract. Seven had had no treatment 
prior to the administration of sufficient folie acid to induce hematologie remission, 
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Those patients who attended the outpatient clinie intermittently or died before the 
expiration of one year have been eliminated from the series. 

This group of patients, maintained on folie acid, will be compared with two groups 
of patients with pernicious anemia maintained on vitamin B,, given parenterally for 1% 
to 7 years. The first group of 19 patients received 20 y of vitamin B,, at monthly intervals 
and the second group of 21 patients received 10 y of vitamin B,, every two weeks. 

Erythrocyte counts, hemoglobin levels, and the volume of packed red blood cells have 
been determined every 3 months or oftener by standard techniques. Counts of circulating 
reticulocytes and platelets were performed by the wet technique using Dameshek’s stain. 
The fact that relapse had occurred was confirmed by examination of bone marrow films 
stained with the Wright-Giemsa stain. 


Neurologic examinations have been performed 
every 3 months or oftener if the patient offered a complaint ascribable to progressive 
neurologic degeneration. A hematologic relapse has been defined as a fall in erythrocyte 
count of 500,000 cells or more, a decline in hemoglobin of 1% Gm. or more, and a reduction 
of the packed cell volume of at least 5 per cent. Neurologie relapse was established by 
finding one or more of the following signs: a progressive diminution of vibration per- 


ception in the ankles, knees, or fingers; the development of ataxia; positive Romberg 
sign; glove and stocking hypesthesia; and mental abberations subsequently relieved by 
the administration of vitamin B,,. If the appearance of clear-cut evidence of hematologic 
or neurologic relapse was not separated by more than two months, a combined relapse is 
recorded, 

From these groups of patients, certain ones were selected to study the effects of (1) 
large doses of folic acid on the therapeutic activity in neurologic disease of minimal doses 
of vitamin B,,, (2) vitamin B,, on folie acid and folinie acid exeretion in the urine, and 
(3) folie acid on vitamin B,, levels in the serum. The patients selected and the procedures 
which were carried out are described below. 

Three patients who developed hematologic and neurologic relapses while receiving 
folic acid were given 50 mg. of folie acid orally each day and 7 to 10 y of vitamin B,, 
parenterally at weekly intervals. Hematologic and neurologic responses were studied 
over a period of 4 to 7 months to determine whether the large doses of folie acid inter- 
fered with the effect of minimal doses of vitamin B,,. 

Two patients who received folic acid for 10 years and one who received the vitamin 
for 5 years remained in excellent health. They had no evidence of hematologic or neuro- 
logie relapse and were studied in the following manner. Each patient was admitted to 
the hospital and given 10 mg. of folie acid orally each day. Plasma ascorbie acid2¢, 2! 
and blood glutathione22 levels were determined. Vitamin B,, levels in the serum were 
estimated using the Lactobacillus leichmannii method,2* and folie and folinie acid levels 
were determined in 24-hour urine specimens daily for 3 days by the Streptococcus faccalis?s 
and Leuconostoc citrovorum?5 methods, respectively. After this period of control, vitamin 
B,,, 1,000 y, was given intramuscularly, and the tests were repeated each 24 hours for the 
next 3 days. Since these patients had been maintained on folie acid for a period of 5 
to 10 years, the levels of folic and folinie acids in their urine specimens were high and, 
therefore, easily measurable. Furthermore, although their vitamin B,, stores were depleted, 
these patients were in hematologic and neurologic equilibrium. Therefore, they were 
deemed to be excellent test cases to determine whether the administration of vitamin B,, 
influenced the excretion of folie or folinie acids. A change in the exeretion of these sub- 
stances may be construed to indicate a change in folie acid metabolism. After the study 
was completed, vitamin B,, labeled with Co6® was administered by mouth and the amount 
of radioactivity which appeared in the urine in 24 hours was determined by the method 
described by Schilling.26 The test was repeated after a suitable interval with labeled 


vitamin B, and intrinsie factor.* This was done to confirm the original diagnosis of 


*Intrinsic factor was generously supplied by Organon, Inc., Orange, N. J. 
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pernicious anemia. There was little question as to accuracy of the diagnosis since two of 
these patients had had well-documented megaloblastic anemia and posterolateral column 
degeneration responsive to liver extract on their first admission to the hospital. 

Serum vitamin B,, levels were determined two or more times in a randomly selected 
group of patients with pernicious anemia that had been controlled for 2 to 7 years by 
the parenteral administration of 10 y of vitamin B,, every two weeks or 20 y every month. 
These samples were analyzed for comparison with the vitamin B,, levels of patients 
treated a similar length of time with folic acid and to determine whether these small 
doses of vitamin B,, were sufficient to maintain serum vitamin B,, levels in a normal range, 
as well as to maintain those patients in a state of hematologic and neurologic remission. 

Vitamin B,, serum levels were determined in 3 of these patients for 3 months before 
and 7 to 12 months after 5 mg, of folie acid daily was added to the regime. In 2 of 
these 3 patients, 10 mg. of folie acid daily was administered for an additional 5 to 8 
months. In each of these cases, the average serum vitamin B,, level was above: 100 yy 
per milliliter. 

In 3 additional patients in whom serum vitamin B,, levels were below 100 yy per 
milliliter and in 2 patients with serum vitamin B,, levels above 100 yy per milliliter, 
vitamin B,, dosage was increased to 30 y every 2 weeks and finally to 60 y every two 
weeks, After the serum vitamin B,, levels had stabilized above 100 yy per milliliter, folic 
acid was added in doses of 10 mg. per day and the serum levels of vitamin B,, were re- 
determined over a period of 3 months. These experiments were performed to determine 
whether the administration of folic acid altered the amount of vitamin B,, in the serum. 

The reliability of our assay for vitamin B,, was checked by sending specimens of 
plasma on these patients to another laboratory for assay by the Lactobacillus Icichmannii 
method, A comparison was made also with vitamin B,, levels determined in these pa 
tients by the FKuglena gracilis method.” Levels determined by the Euglena gracilis method 
were somewhat different, although in the same range (Table 1). 


TABLE I, Serum VITAMIN B,, LEVELS ASSAYED BY THE LACTOBACILLUS LEICHMANNII AND 


EUGLENA GRACILIS METHODS 


| L. LEICHMANNIL ASSAY | E. GRACILIS ASSAY 
YY/ML. (UNIV. OF L. LEICHMANNIL ASSAY | YY/ML. (UNIV. OF 
PATIENT CINCINNATI) YY/ML. (TULANE UNIV.) | LOUISVILLE ) 
A.M. 90 120 140 
DH. 120 110 150 
N.C. 130 280 
R. B. 130 110 200 
ac 170 200 250 


RESULTS 
The Effects of Long-Term Folic Acid Therapy.—rThe 36 patients who re- 
ceived folie acid as maintenance therapy reacted in the following ways 
(Fig. 1). Within 6 months one patient had had a hematologie relapse, one a 
neurologic relapse, and one a combined hematologic and neurologie relapse. 
At the end of a year, 4 more had had neurologic relapses, and 3 combined 
neurologie and hematologic relapses. By the end of the seecid year, 2 more 
patients had had the combined type of relapse. In the third year, there were 
» hematologic relapses; in the fourth year, 2 hematologic, one neurologic, 
and two combined relapses. In the fifth year there were no relapses, but in 
the sixth year there was one neurologic relapse and one combined hematologic 
and neurologie relapse. In the seventh year there was one hematologic re- 
lapse. Those patients who developed hematologic relapse alone were treated 


*The authors wish to thank Dr. Grace Goldsmith, Tulane University, and Dr. Marion 
Beard, University of Louisville, for arranging these comparative assays. 
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FOLIC ACID AND VITAMIN B,, IN PERNICIOUS ANEMIA D5 
with increased doses of folie acid up to 50 or 100 mg. daily. One or two 
hematologic remissions and relapses usually occurred within the next 3 months 
after each increase in the dose of folic acid. Eventually neurologie relapse 
occurred in each case treated in this fashion. Because of this procedure, 21 
patients eventually developed neurologic relapse. Bone marrow aspirated 
from the sternum at the time of the second or third hematologic relapse, when 
the neurologic degenerative disease necessitated therapy with vitamin B,., 
showed severe hypoplasia with only slight megaloblastic maturation defect 
in the few remaining cells. This effect has been described in greater detail 
in a paper published previously.” 
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Fig. 1.—The number of hematologic, neurologic, and combined relapses which occured 
over a 10-year period in patients with pernicious anemia who were taking only folie acid 
(36 cases). 


Nine patients developed glossitis just before or at the same time as the 
hematologic relapse. This lesion waxed and waned until adequate therapy 
was instituted. 

TABLE II]. Patients Dip Nor RELAPSE WHILE Treatep With Fouic Acip 


REASON FOR TERMINATION OF 


INITIALS YEARS ON FOLIC ACID TREATMENT 

2. C.8. 5 Vitamin B,, test 

3 Died, myocardial infarct 
4. 3 Manie-depressive psychosis 
5 AP. 10 Vitamin B,, test 

6. CLS. 10 Vitamin B,, test 

3 Died, gastric carcinoma 

8. L. W. 1% Died, gastric carcinoma 

9. E. W. 1% Died, cause unknown 

10. M.S. 6 Moved away; on vitamin B, 
11. M. PF. 2 Died, gastrie carcinoma 


Those patients who were well controlled on refined liver extract injections 
before the folic acid experiment was begun tended to relapse much later than 
those who were treated with folic acid from the time that the diagnosis was 
made, The latter group relapsed within the first 2 years of the folie acid ex- 
periment (Fig. 1). 


4) 
: 
we 
~ 
i. 


Med 
19589 


January 


J. Lab. & Clin. 


T AL. 


4 


WILL FE 


26 


Cc 


NINVLIA 


80 L¢ orl 
€¢ 16 tt o¢ ral 
ina cul OF eel ocl 
Ge SOL oF SFL 
FE et o¢ 
ce col Cel Cel 
GE col ct ¢ 
66 It OFL £ 
te 66 st t 
te £6 lt SFL t 
FE OF FL t 
or OF | 06 
ce cul tt sel Cc 
Le 06 OF 6FI 00% 
96 OF ett OF 9 
ce ce 66 Ct | 
a0 uadd)| Wo * (LN@O wad) (SNOITIIN ) /AA) SUVAA) AdVNGHL 
OHON HOW AOW 1OA aH 40 LY 40 
ao Wangs “a 


Ame more ew 


48 

: _¢ | 
| 
| 
| 
| 
| 
| 

i 

: | 
| 
| 4 
| 
| | 
| 
| 
| 
| | 
| 
| | 


Volume 53 
Number 1 


FOLIC ACID AND VITAMIN B,, IN PERNICIOUS ANEMIA 27 


Eleven patients did not relapse; 8 of these were lost from the series be- 
cause of death or some other circumstance unrelated to the folie acid treat- 
ment (Table II). The remaining 3 patients were continued on folie acid for 
5, 10, and 10 years, respectively, without evidence of hematologic, neurologic, 
or glossal relapse. Finally studies were performed which involved the ad- 
ministration of vitamin B,. and will be described later. 

The Effect of Small Amounts of Vitamin B,, on Neurologic Lesions. 
Three patients with neurologic relapse principally of the peripheral neuritis 
type, and which had developed while they were taking folie acid, were given 
7 to 10 y of vitamin B,, intramuseularly at weekly intervals. Folie acid 
dosage, which had been inereased from 30 mg. 3 times weekly to 50 mg. daily, 
was continued at this level. Neurologic symptoms and signs gradually re- 
ceded over a period of 11 to 12 weeks, normal erythrocyte levels were attained 
in 9 to 10 weeks, and, although the regime was continued for 4 to 7 months, no 
evidence of relapse developed. Ultimately the folie acid was discontinued 
(see Case Reports). All the other patients with neurologie relapse were con- 
tinued on 50 or 100 mg. of folic acid daily and received 5 y vitamin B,,. daily 
or every other day by parenteral injection. Many of the signs of neurologic 
dysfunction were severe, All patients who had neurologic signs for less than 
3 weeks made a full recovery of funetion, although, in several, the ability to 
perceive the tuning fork in the lower extremities did not return. Patients who 
had symptoms and signs for a longer period recovered function more slowly 
and less completely. It was never necessary, however, to discontinue folic 
acid to facilitate recovery. 

Metabolic Studies on Patients on Folic Acid for 5 to 10 Years.—Two pa- 
tients (CLS. and A. P.) who had received no other medication than folie acid, 
50 mg. 3 times weekly or 10 mg. daily for 10 years, and one patient (E.S.) 
who had received a similar regime for 5 years without relapse were selected 
for study. Serum vitamin B,. levels per milliliter were 30, 15, and 10 yy, 
respectively. These levels are below the limits of accuracy of the assay pro- 
cedure and can be considered to be 0. Ascorbic acid plasma levels were 1.57 
and 1.15 mg. per cent and glutathione blood levels were 309 and 280 pM per 
100 ml. cells in CLS. and A. P. These determinations were not performed 
in E.S. At the end of the experiment, tests with vitamin B,. labeled with 
Co", given orally according to Sehilling’s procedure, demonstrated that these 
patients behaved in a fashion identical with our other pernicious anemia pa- 
tients. They exereted in the urine 0.6, 0.1, and 0.0 per cent of ingested radio- 
activity in the 24-hour period after the injection of 1 mg. of untagged vitamin 
B,.. Later, when the labeled vitamin B,. was given with intrinsie factor, C.S. 
and A. P. excreted 7.6 and 9.0 per cent, respectively. E.S. did not return for 
this test. 

Each patient was maintained on 10 mg. folie acid daily. After the vita- 
min By, ascorbic acid, and glutathione levels were obtained and before the 
Schilling procedure was performed, each patient was given 1 mg. of vitamin 

B,. parenterally. The amount of folie acid and folinie acid excreted for the 
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3 days preceding the vitamin B,, dose and for the 3 days following it, are 
shown in Figs. 2 and 3. The output of folie acid did not change significantly. 
The output of folinie acid did, however, double. No significant change in the 
hematologie or neurologic examinations occurred, nor was a change expected, 
since there was no evidence of relapse prior to the vitamin B,, injection. One 
patient reported that he could maintain his balance better. 


The Effectiveness of Small Doses of Vitamin B,, Administered Parenter- 
ally on the Maintenance of Hematologic and Neurologic Remissions in a Pa- 
tient With Pernicious Anemia.—Tables IIT and IV indieate the hematologic 
effect of vitamin B,,. given parenterally in doses of 20 y monthly or 10 y every 
two weeks as maintenance therapy for pernicious anemia. Neither hemato 
logie, neurologic, nor glossal relapses occurred, although in 6 cases these 
schedules have been maintained for 6 to 7 vears. These are very small doses, 
averaging 0.7 y daily. Levels of vitamin B,. in the serum of a representative 
group of these patients will be found in Tables IIT and TV also. Most of the 
levels are low, many below 100 yy per milliliter. The normal range in our 
laboratory is 250 to 700 yy per milliliter. However, none of these patients 
had developed any symptoms or signs of ill health referable to these low 
levels. Several patients whose erythrocyte counts appeared to be low were 
given larger doses of vitamin B,,. at the end of the experiment for periods 
up to 6 months. This procedure did not improve their hematologie status 
and vitamin B,. serum levels increased very slowly. 

In 3 of these patients serum vitamin B,, levels were not changed by ad- 
ministration of folie acid 5 or 10 mg. daily for 12 months or longer. In 5 ad- 


ditional patients vitamin B,, serum levels increased slowly and to only a minor 
degree when vitamin B,,. dosage was increased from 10 to 30 y and then 60 
every 2 weeks. However, in these patients, too, no additional changes were 
caused by the administration of folie acid (Table V). 


DISCUSSION 

Many investigators have demonstrated clearly that folie acid is not an 
acceptable therapeutic agent for the management of patients with pernicious 
whereas vitamin is entirely effective?’ even though the 
doses are so small that vitamin B,. blood levels remain low as demonstrated 
in this report. On the basis of the fulminating neurologic relapses that have 
been observed in patients maintained on folie acid, the opinion has been voiced 
that folie acid inereases the need for vitamin B,. 


and, therefore, is dangerous. 
Our 10-vear study corroborates the evidence that neurologie relapses oecur 
much more frequently in patients maintained on folie acid than in those from 
whom vitamin B,. or liver extract is withdrawn.?"") The repeated hematologie 
remission and relapses that oceurred in patients who received increasingly 
larger amounts of folic acid each time there was a relapse indicates that under 
these experimental conditions folic acid may deplete the body of vitamin 
3. to the point of bone marrow exhaustion, However, this depletion of vita- 
min By. apparently occurs because bone marrow activity and vitamin B,. 
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utilization are maintained at a high level by folie acid. Folie acid apparently 
side-tracks from the nervous system to the marrow what little vitamin B,. is 
available to the pernicious anemia patient. Ultimately this very small supply 
is almost completely exhausted, and bone marrow hypoplasia and neurologic 
degeneration result. We have not, however, been able to find any evidence 
that excess folic acid increases the normal vitamin B,,. requirements of the 
hody. Less than 1 y of vitamin B,. a day will alleviate peripheral neuritis 
in the face of large doses of folie acid; 2 to 5 y a day will do the same thing 
in much more fulminating cases of cord degeneration. That folie acid does not 
invariably result in neurologie degeneration is attested by the observation that 
patients who previously have had neurologic degenerative disease may remain 
in remission on folie acid for as long as 10 vears, although their vitamin B,, 
levels at the end of this period are as low as those usually found in patients 
with pernicious anemia in relapse. Obviously, these patients absorbed some 
vitamin B,. from the diet but in such small amounts that neither the 
Schilling test nor vitamin B,, blood levels indicated any difference from other 
patients with pernicious anemia who relapsed early in the course of the ex- 
periment or from the average patient with pernicious anemia in relapse. The 
fact remains that these minute and unmeasurable amounts of vitamin B,, 
were sufficient to prevent the appearance of symptoms and signs of deficiency. 
Perhaps the high reduced aseorbie acid levels found in the serum of these pa- 
tients increased the effectiveness of the available vitamin B,.. 

Our data do not support the theory that folie acid has a direct effect on 
vitamin B,, metabolism. They suggest only that minimal amounts of vitamin 
Ih,. may become completely inadequate when the chemical reactions of the 
cells in which both vitamin B,, and folie acid are intimately involved are tem- 
porarily stimulated by the administration of excess folic acid.* Fortuitous 
circumstances could explain data which have been proposed as evidence that 
folie acid lowers high vitamin B,, blood levels in patients with pernicious ane- 
mia treated with both substanees.“° Our experiments do not show such an 
effect. On the other hand, our results support the large body of evidence that 
vitamin B,. has an effeet on folie acid metabolism. 

About 50 per cent of patients with pernicious anemia in relapse have sub- 
norma: folie acid levels in the blood.“® After a dose of vitamin B,., serum*® 
and urine’ folic acid levels fall, but after a day or two rise again. Patients 
with nutritional macrocytie anemia given vitamin B,, excrete more than the 
usual amount of folic acid after several days.** These observations have been 
interpreted to mean that immediately available folie acid is used rapidly in 
hematopoiesis stimulated by the vitamin B,, injeetion, and that, later, the 
Vitamin [,. mobilizes folie and folinie acids from tissue stores. 

Persons with pernicious anemia, basically deficient in vitamin B,., respond 
hematologically to folie acid, although this is but a temporary effect. If folic 
acid funetions as a coenzyme in blood formation, this observation implies 


*Recent observations reported by Bok and associates support this hypothesis (J. Lan 
& CLIN. Mep. St: 667-671, 1958). 
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that lack of vitamin B,, has caused a deficiency of the active folie acid catalyst, 
probably N'°-formyl tetrahydrofolie acid. Furthermore, persons with  per- 
nicious anemia in relapse, given a test dose of 1 to 5 mg. of folie acid, exerete 
less folic acid and much less folinie acid than do normal persons or pernicious 
anemia subjects who are in remission.** This observation has been interpreted 
to indicate that tissue depots retain folie acid and, to an even greater degree, 
folinie aeid when vitamin B,. is deficient, and that these are released when 
vitamin B,,. is given. An alternate hypothesis is that vitamin By. is neces- 
sary for the conversion of folie acid to folinie acid. In support of this, Gird- 
wood** found more folic acid than folinie acid in the liver of a patient with 
pernicious anemia in relapse whereas in the liver of a normal person there 
is usually a preponderance of folinie acid. Our observations, that vitamin By. 
increases the folinie acid levels in the urine of patients with pernicious anemia 
maintained in remission for many years by folie acid, provide additional evi- 
denee supporting such interrelationships. Since these patients showed no 
evidence of hematologic or neurologic abnormality, yet were severely depleted 
in vitamin B,., any change induced by the administration of this vitamin 
would not be likely to result from a rapid increase in cell division. On the 
other hand, since the urine of the patients contained much larger amounts of 
folic and folinie acids than the normal person, the problem of measuring a 
change in the output of these substances was much simpler than in persons 
with normal or low levels in the urine. When vitamin B,. was given to these 
subjects, folinie acid excretion increased in the urine. Folie acid output did 
not change. It is unlikely that this was simply the result of increased cellular 
activity, utilization of folic acid metabolites, and increased urinary exeretion 
of end products. As mentioned before, the patients were selected to avoid 
this contingeney and they did not show any objective clinieal change after 
the vitamin B,. was given. The data could be explained also as a direct effect 
of vitamin B,. on the conversion of folic acid to folinie acid, or on the release 
of folinie acid from its tissue conjugates, or on some other biochemical reaction 
essential for the formation of N'’-formy] tetrabydrotolie acid. 

Folinie acid is no more effective than folie acid in patients with hema- 
tologic relapse of pernicious anemia.” '’ Therefore, it is unlikely that catalysis 
of this step by vitamin B,, is a critical process, although it may be the one we 
have studied in these experiments. Bethell and his associates!’ ' showed that 
folic acid conjugate was not easily split by patients with pernicious anemia in 
relapse until after liver extract was given, He postulated an effect of vitamin 


Ih,. on the folie acid conjugate system. The same conjugate system releases 


folinie acid from its conjugates. Therefore, this system may be the one re- 
sponsible for the increased output of folinie acid following the administration 
of vitamin 

Nichols and Welch*® " have recorded observations of a 4-year-old child 
with pernicious anemia which indicate a relationship of vitamin B,. to an un- 
known stage of folie acid metabolism. During a hematologic relapse which 
occurred while this child was reeeiving vitamin B,., folie acid, and aseorbie 
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acid orally, an unidentified microbiologically active reduced metabolite of 
folie acid was found in the urine. After vitamin B,, was administered 
parenterally, this metabolite disappeared and was replaced by normal folic 
acid metabolites including folinie acid, 

All of these observations, including our own, suggest the hypothesis that 
normal folie acid metabolism is dependent on an adequate supply of vita- 
min By. 

These observations and the hypothesis derived from them do not imply 
that vitamin B,, functions in hematopoiesis only through folie acid metabo- 
lism. There is ample evidence from studies with bacteria and experimental 
animals that vitamin B,,. has an independent effect on nucleotide formation, 
but the exact mechanism is unknown. Only one of its many functions in- 
volves it direetly in folie acid metabolism but, through this function, it prob- 
ably influences the transfer of single carbon units. 


SUMMARY AND CONCLUSIONS 


1. Vitamin B,., given parenterally in a dose averaging 0.7 y per day, has 
maintained persons with pernicious anemia in good health for 6 to 7 years. 
No deleterious effect has been found which ean be aseribed to subnormal vita- 
min I3,. serum levels characteristic of this group of patients. 

2. Only 3 of 36 patients with pernicious anemia were maintained for 10 
years in a satisfactory hematologie and neurologie condition on folie acid 
therapy alone. The great majority of these patients relapsed in the first 4 
years. Those who had had no previous liver extract or vitamin B,, therapy 
relapsed sooner than those previously treated with these preparations, Those 
patients who did not relapse had, nevertheless, extremely low serum vitamin 
levels. 

4. Neurologic relapse occurred much more frequently in the group treated 
with folie acid than in patients reported by others who had been deprived 
of liver extract or vitamin B,,.. However, only minute amounts of vitamin 
I},. were necessary to reverse these neurologie changes. No evidence has been 
found that folie acid changes the requirements of human beings for small 
amounts of vitamin B,. or influences vitamin B,, metabolism in a direct way. 

4. Evidence is presented which suggests that vitamin B,, influences folie 
acid metabolism by releasing folinie acid from its tissue conjugates, by 
facilitating the reduction of folie acid to folinie acid, or by rromoting the 
formation of the N'*-formyl derivative of redueed folie acid (N'’-formyl 
tetrahydrofolie acid). 


CASE REPORTS 


Case 1.—D.8., aged 52, was admitted Feb. 26, 1948, with 800,000 erythrocytes per 
cubie millimeter and 3 Gm. per cent of hemoglobin. Her bone marrow was megaloblastic, 
but her neurologic system was normal, She was treated with an experimental liver extract 
over a period of 10 days with minimal response, and then was given 20 units of refined 
liver extract over a 10-day period with good reticulocyte response and erythrocyte rise. 
Folic acid, 30 mg. 3 times a week, was begun on April 15, 1948. By July, 1948, her 
hematologic data were normal. Erythrocytes number 4.31 million per eubie millimeter, 
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hemoglobin was 13.6 Gm. per cent, and the hematocrit was 40 per cent. In July, 1949, 
she complained of aching and fatigue in her legs, she was unstable on Romberg test, the 
ankle jerks were absent and vibration was barely perceived on the knees and ankles. 
Blood counts were still normal. By September she complained of numbness and tingling 
sensation in the hands and feet, vibration perception had diminished further, and her 
erythrocyte count had fallen to 3.6 million cells per cubie millimeter, the hemoglobin to 
2.8 Gm. per cent. Folic acid was increased to 50 mg. daily. This therapy resulted in a 
temporary increase in erythrocytes and hemoglobin, but the signs and symptoms of periph- 
eral neuropathy progressed. The tongue became smooth and red along the edges, By 
Nov. 17, 1949, vibration was no longer perceived in the knees, the reflexes were absent in 
the lower extremities and there was a stocking type of hypesthesia to pin prick and light 
touch. Romberg test was positive. Folie acid, 50 mg. daily, was continued, and 10 y 
vitamin B,, was given parenterally at weekly intervals. By Dec. 1, 1949, the tongue ap- 
peared normal, vibration was barely perceptible in the right leg, and she was no longer 


ataxic on Romberg test. Gradual improvement continued, By Jan. 12, 1950, paresthesias 
and stocking hypesthesia had disappeared. By Feb. 2, 1950, all deep reflexes were obtain- 
able and vibration perception in ankles and knees was 50 per cent of normal. The patient 
had no complaints and her hematologic values had returned to normal. Folie acid and 
vitamin B,, were continued until July, 1950. At this time, since there was no evidence of 
hematologie or neurologic relapse, the folie acid was discontinued, The patient had 
averaged 1.4 y of vitamin B,, daily during the period of neurologic recovery. 


CASE 2.—J.8., aged 57, had his first relapse of pernicious anemia in 1934 and had been 
treated successfully with liver extract, 20 units monthly, until October, 1945. At this time he 
was given folic acid, 30 mg. 3 times a week, instead of the liver extract. He had had severe 
spinal cord and peripheral nerve degenerative disease at the time of his first admission, but 


at the time that folic acid therapy was instituted, the only neurologic abnormalities were 
a reduction of vibration perception in the ankles and hypoactive ankle jerks. By May, 
1947, he was in severe hematologic and mild neurologie relapse. Hematologic values re- 
turned to slightly subnormal levels when thymine was given, and, since no further change 
occurred in either hematologic or neurologic findings when 10 units of liver extract were 


given over a period of 10 days, the patient was given folic acid again. By September, 
1949, glossitis was noted. This sign waxed and waned until November, 1950, when it be- 
eame very severe. Folie acid dosage was increased to 50 mg. daily, but no improvement 
oceurred in the glossal manifestation. By March 29, 1951, he had become very weak; his 


tongue was fiery red and smooth; vibration perception was absent over the knee, ankles, 
and right wrist; knee and ankle reflexes could not be obtained and Romberg test was posi 
tive. He walked with a broad base. There was no evidence, however, of hypesthesia to pin or 
light touch, and no evidence of lateral column involvement. He was given 7 y vitamin 
B,, parenterally once a week and was continued on 50 mg. folie acid daily. At this time, 
his erythrocytes numbered 2.80 million cells per cubic millimeter, his hemoglobin 11.0 Gm. 
per cent, and the hematocrit 33 per cent. Bone marrow was hypocellular and showed only 


slight evidence of megaloblastic maturation arrest. By April 5, his tongue was no longer 


red or sore, and his appetite had returned. By May 10, 1951, Romberg sign was negative 


and ataxia no longer was evident. The erythrocytes and hemoglobin were normal, Vibra 
tion was appreciated in the right wrist on May 24 and in the knees on July 7. By this 
time, glossal papillae had regenerated, Folie acid was discontinued July 21, 1951, when the 


patient’s neurologic. and hematologic status had reached pre-folic acid conditions. Im 


be provement had occurred on an average of 1 y vitamin B,, per day in spite of large doses 
of folie acid. 

Case 3.—E. M., a 46-year-old Negro woman, was found to have pernicious anemia in 
if 1945 and responded well to refined liver extract, 15 units twice a month, In May, 1947, 
; folic acid, 30 mg. orally given 3 times a week, was substituted for the liver injections. 


When this change was made, her erythrocyte count was 4.02 million cells, her hemoglobin 
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was 12.4 Gm, per cent and her hematocrit was 40 per cent. About 3 years later in July, 
1950, she complained of soreness of the tongue, which was red at the tip and sides. Her 
erythrocytes numbered 3.41 million cells, her hemoglobin 12.5 Gm. per cent, and her 
hematocrit 37 per cent. The glossitis waxed and waned, and in December, 1950, she com- 
plained of numbness of the right foot. By this time her erythrocyte count was 2.9 million 
cells per cubie millimeter, her hemoglobin was 11.2 Gm. per cent, and her hematocrit was 
34 per cent. The dose of folic acid was increased to 30 mm. daily; the glossitis and anemia 
improved temporarily, but the complaints of numbness of the feet increased. At this t me, 
vibration perception was reduced in the ankles and knees, In February, 1951, she com- 
plained of numbness of the left hand and in March, 1951, hypesthesia of the hands and 
feet to pin prick and light touch was noted. The ankle jerks were hypoactive. Vibration 
was barely perceived in the ankles. Her right side was weak and she tended to fall to 
the right when she walked. Her erythrocyte count was 3.15 million cells per cubie milli- 
meter, her hemoglobin was 12.8 Gm, per cent, and her hematocrit was 37 per cent. Sternal 
bone marrow contained bizarre metamyeloeytes and band cells but the erythrocyte series 
appeared normal, Vitamin B,, 7 y intramuscularly, was given at weekly intervals and 
folie acid was continued as before, After 2 weeks the patient was worse. Ankle jerks 
were absent and Romberg sign was positive. All signs of glossitis had disappeared, how- 
ever. The first evidence of neurologic improvement appeared on April 26 when she stated 
she felt better, By May 3, ankle jerks were obtained and the hypesthetiec areas on the 
hands and feet had disappeared. The Romberg test was negative and the patient could 
walk without falling, By June 1, vibration perception was 30 per cent of normal in the 
knees. Her erythroeyte count was 3.9 million cells per cubic millimeter, hemoglobin 12.9 
(im. per cent, and hematocrit 39 per cent. Slow improvement continued until Oct. 16, 
1951, when folic acid was discontinued, 
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THE DISTRIBUTION OF LIPID AND PHOSPHOLIPID IN PAPER 
KLECTROPHORESIS OF THE SERUM LIPOPROTEINS IN 
NORMAL SUBJECTS AND IN PATIENTS WITH ATHEROSCLEROSIS 
M. A. Pu.D., M.D., AND Procer, M.D., FLA.C.P. 
LEWISTON, MAINE, AND Boston, Mass. 


N SUPPORT of the view that atherosclerosis may be a metabolie disease, 

numerous investigators have found an association with increased beta lipo- 
proteins of serum,'* with inereases in the cholesterol content of the beta lipo- 
proteins,” with increases in the low-density lipoproteins,’ and with an in- 
creased serum cholesterol-phospholipid ratio." Most of the evidence indicates 
atherosclerosis to be associated with abnormal increases in the beta lipoproteins. 
Changes in the alpha lipoproteins are slight and consist of slight decreases in the 
lipid and cholesterol.® 

While cholesterol, as a more insoluble component of the lipids, has been con- 
sidered to play a dominant role in the metabolic disturbance of lipids promoting 
atherogenesis,'' its status as a single causal entity has frequently been ques 
tioned, perhaps mainly because in any series of patients with coronary disease 
there are many with normal concentrations of cholesterol in the serum. Inereas 
ing attention has therefore been given to the other lipids'? of serum and to the 
lipid-protein relationships® in terms of possible lipid stabilizing effeets. 


Recently, for the same reason, the phospholipids have also come under seru 


tiny.’ The constaney of the cholesterol-phospholipid ratio has been empha- 
sized,'? and it has been shown that no less than a 1:1 molar ratio of phospholipid 
to free cholesterol exists in the plasma at all times." In experimental canine 


atherosclerosis, Davidson and associates'® have found phospholipid to increase at 
the average rate of but one mole for every five moles of cholesterol. A conse- 
quence of such findings has been the growth of a coneept that the available 
phospholipid determines the amount of cholesterol which ean be kept in solution 
in the plasma and that relative increases of cholesterol may result in instability 
of the lipid solution.'* 

It, therefore, seemed desirable to investigate changes in the phospholipid 
content of the serum beta lipoproteins in normal subjeets and in those with ath- 
erosclerosis with the hope that sueh comparison might give a better understand- 
ing of the nature of lipid disturbance in this disease. This study has been based 
on a simplified method'® utilizing paper electrophoresis as a means of separation 
of the beta and alpha lipoproteins in multiple strips of paper, some of which 
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were stained direetly for estimation of lipid distribution between the two groups, 
and the remainder stained for phospholipid after differential extraction and re- 
moval of the other lipid components. This technique has permitted a gross es- 
timation of the beta and alpha lipid fractions, of the beta and alpha phospholipid 
in these fractions, and indirectly, the amount of phospholipid in the total lipid of 
serum. 


MATERIALS AND METHODS 


All chemical determinations were done on blood serum obtained in the fasting state, 14 
to 16 hours after a light evening meal. Each serum was refrigerated at 5° C. and the various 
chemical and electrophoretic determinations accomplished within 24 to 48 hours. Several 
groups of persons were studied. These consisted of 20 young men and 22 young women, all 
presumably normal and healthy; 18 older persons, also normal by the usual examinations and 
routine tests; 20 subjeets, of ages comparable to the older age group, who had had recent 
episodes of myocardial infarction and were 1 to 3 weeks in the recovery phase at the time of 
testing; 10 with uncomplicated diabetes mellitus; 3 with nephrosis; 5 with essential hyper- 
cholesterolemia; and 2 with myxedema. 

Serum cholesterol and esters were determined by the method of Schoenheimer and 
Sperry.20 The method of Fiske and Subbarow2! was used for the determination of lipid 
phosphorus and the factor of 25 for its conversion to phospholipid. Triglycerides were cal- 
culated from the difference between the total fatty acids?2 and the sum of the estimated 
phospholipid and cholesterol ester fatty acids. Total serum lipids were calculated as the sum 
of the values for free cholesterol, estimated cholesterol esters, phospholipid, and triglycerides. 


A previously described modification’® of the technique of Kunkel and Slater® for paper 
electrophoresis of serum lipoproteins which permits the simultaneous use of multiple strips of 
Whatman No, 1 filter paper, was employed throughout this study. A 0.02 ml. sample of the 
serum being tested was applied to each of the strips in a similar manner and location. The 
entire procedure of electrophoresis, drying of strips, and subsequent staining of lipids was 
standardized and accomplished in the same way for each determination. Ten or more of the 
dried strips from each serum electrophoretic run were treated with boiling acetone saturated 
with magnesium chloride to extract all lipids other than the insoluble phospholipid. These 
strips, along with at least 6 other unextracted strips from the same serum run, were subjected 
to the same staining procedure with 1 per cent Sudan Black B in 50 per cent ethanol (triple 
filtered) in one large tank, At the end of the 12-hour staining period, the strips were washed 
by suecessive immersion in 4 containers of 40 per cent ethanol for 15 minutes each. Since 
there was some fading of these dyed strips on exposure to bright light, all strips were dried 
and kept in the dark until manually seanned with a photoelectric densitometer using a 590 
my filter. From the curves relating optical density and distance along the strip the areas 
corresponding to the beta and alpha albumin lipid zones were measured by planimetry and 
the percentage distribution of the lipids in the 2 lipoprotein zones calculated. With careful 
technique and attention to detail, the reproducibility of this method is within + 5 per cent for 
total lipids and + 9 per cent for phospholipid. 


RESULTS 


In view of the fact that the findings here reported indicate both the total 
lipid and phospholipid distribution in the beta and alpha lipoproteins and there- 
fore apply only to the lipid moiety of these fractions, the presentation of results 
by application of usual terminology becomes complicated and cumbersome. In the 
following discussion it has been found advantageous to refer to the total lipid 
in the beta and alpha lipoproteins as the beta and alpha lipids, and to the phos- 
pholipid in each fraction as the beta and alpha phospholipid. 
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Distribution of Total Lipid and Phospholipid — 


A. Young men and women: The young women of this group were from 19 
to 30 years old and the young men were 16 to 32 years old. There was no family 
history of diabetes or hypercholesterolemia in any of the subjects. The data on 
these two groups are listed in Table I. The average values for the group of men 
for serum total lipid and for total and free cholesterol were slightly greater and 
the’ values for phospholipid slightly lower than the corresponding values for 
women. In these young people, phospholipid represented 41 per cent of the 
serum lipids in young women and 34 per cent of those in young men. 


TABLE I. DISTRIBUTION OF SERUM LIPID AND PHOSPHOLIPID IN YOUNG MEN AND WOMEN 
BETWEEN 16 AND 32 YEARS OLD 


“NORMAL WOMEN ~ NORMAL MEN 
(22 SUBJECTS ) (20 SUBJECTS ) 
DETERMINATION | AVERAGE | RANGE | AVERAGE | RANGE 


Chemical Findings (mg. per cent) 
Total cholesterol 90-228 102-191 
Free cholesterol ‘ ‘ 25-56 
Cholesterol esters ; 75-165 2-156 
Lipid phosphorus . O-11, 5-101 
Phospholipid (factor 25) “285 163-253 
C-P ratio 
Triglycerides 0-169 2 96-217 
Total lipid 527 424-656 467-694 
Phospholipid per cent of total lipid 33-46 ‘ 27-39 
Electrophoretic Findings (per cent) 
Total lipid distribution 
Beta zone 
Alpha zone 
Phospholipid distribution 
Beta zone 
per cent of total lipid 
per cent of beta lipid 
Alpha zone 
per cent of total lipid 
per cent of alpha lipid 
Phospholipid per cent of total lipid 


Calculated Distributions 
Beta lipid (mg. % ) 
Beta phospholipid (mg. @% ) 
Phospholipid per cent of beta lipid 
Alpha lipid (mg. % ) 
Alpha phospholipid (mg. % ) 
Phospholipid per cent of alpha lipid 
Beta-alpha lipid ratio 
Beta-alpha phospholipid ratio 2. 0.9-4.9 


The sera of young women averaged more alpha lipids (154 mg. per cent) 
and less alpha phospholipid (71 mg. per cent) than was found in the sera of 
young men (148 and 75 mg. per cent, respectively). The sera of young men 
averaged 24 per cent greater beta lipids (466 mg. per cent, compared with 374 
mg. per cent), and nearly 10 per cent less beta phospholipid (133 mg. per cent, 
compared with 144 mg. per cent) than was found in the sera of young women. 
These differences in the lipid and phospholipid distribution in the two main 
lipoprotein fractions of serum from young people of different sexes, are shown 
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466 314-565 
133 87-212 
29 20-38 
148 92-239 
75 41-110 
51 35-69 
3.3 1.6-5.6 
1.8 0.9-5.2 
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in Fig. 1 where the values for the beta lipids are related to the serum total lipid 
of each individual examined, and in Fig. 2, where the values for the beta phos- 
pholipid are related to the serum phospholipid in each instanee. 
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Fig. 1 Comparison of the beta lipid values for sera of young women and men. The 
majority of young men have beta lipids in excess of the average for young women, represented 
by the horizontal line. 
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Fig. 2.—Comparison of the beta phospholipid values for sera of young women and men 
The majority of young men have beta phospholipid values less than the average for young 
women, represented by the horizontal line. 
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These findings indicate the sera of young men to have greater beta lipids 
with less beta phospholipid, and less alpha lipids with more alpha phospholipid 
than is found in the sera of young women, with the greatest difference being 
evident in the beta lipoproteins. 


B. **Normal’’ older group: In this group of 18 subjects, there were 10 
postmenopausal women and 8 men, ranging in age from 40 to 66 years. The 
persons comprising this group had been hospitalized for routine examinations or 
had been admitted for funetional complaints. None showed evidence of organic 
disease or overt atherosclerosis. The average findings for this group are listed 
in the second vertical column of Table II for comparison with the findings for 
young women, selected as the reference group. 

Chemical analyses of the sera of this group showed an inerease in total lipids 
and slight increases in cholesterol and phospholipid in comparison with the sera 
of young women. After electrophoretic separation, 82 per cent of the serum 
lipids migrated with the beta lipoproteins, compared to the 71 per cent distribu. 
tion for the group of young women, and 73 per cent of the phospholipid ac- 
companied the beta lipids. From ealeulated concentrations this group showed 
greater amounts of beta lipids and phospholipid than was found in the group of 
young women; the phospholipid percentage composition of the beta lipids was 
32 per cent and comparatively lower. Both the alpha lipids and phospholipid 
were less in this group than in the group of young women. 

Clinically normal older persons appear, therefore, to have increased beta 
lipids and phospholipid, with the former being disproportionately increased and 
the latter amounting to a difference of 7 per cent less than its composition of the 
beta lipids of voung women. In reciprocal fashion, there were less alpha lipids 
and phospholipid than was found in the sera of young women. No sex difference 
in the distribution of these lipids was detected in this group of older people. 

(. Persons with known coronary atherosclerosis: This group of 20 sub- 
jeets, all men and 38 to 63 years old, represented instances of recovery from re- 
cent myocardial infarction. Three of the group were recovering from a second 
attack. Six were having intermittent angina pectoris. All patients with dia- 
betes mellitus and those with suspected essential hypercholesterolemia were ex- 
cluded from this group. As noted in Table I], the chemical analyses of the sera, 
when averaged, showed moderate increases in all of the lipid components as com- 
pared with those of voung men and particularly of young women. Phospholipid 
content averaged 35 per cent of the total lipid, approximating the percentage 
composition of the sera of older persons and of young men, but notably less 
than the 41 per cent composition found in young women. 

Electrophoretic separation of the serum lipids of this group disclosed a 
greater proportion (83 per cent) of the total lipid in the beta fraction than was 
found in the groups of normal subjects. Both the alpha lipids and alpha phos- 
pholipid values were decreased. The average beta lipids of 646 mg. per cent 
represents a 70 per cent increase over that for young women. Thus, while the 


beta phospholipid was somewhat inereased, this inerease was disproportionate, 
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and its percentage composition of the beta lipids averaged 31 per cent. This was 
considerably less than was found in the group of young men and is conspicuous 
in view of the gross increases in the other beta lipid components. Triglycerides, 
which were also increased in the sera of this group, represented some portion of 
the latter, since it migrates in large part with the beta lipids.** The alpha lipids 
and phospholipid of this group were both decreased in actual average amounts 
below those of young women. Phospholipid appeared to make up somewhat 
more than half of the alpha lipids in these subjects. 


Beta lipids, mz. per cent 


yeunz women 


~ young nen 


- patients with recent 
myocardial infarction 
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Fig. 3.-The relationship of beta lipids to serum total lipid in young women, young men, 
and in patients with coronary atherosclerosis. The horizontal line represents the average beta 
lipid concentration for young women. Values for the majority of young men and for all but one 
of the patients with recent myocardial infarction fall above this line. 


These data, therefore, indicate the sera of patients with coronary athero- 
sclerosis to have considerably increased beta and slightly decreased alpha lipids, 
giving a beta-alpha lipid ratio of 4.9, as compared to the ratio of 2.0 found in 
young women. The phospholipid distribution, however, followed the same 
pattern found in the sera of young men and of the older group of normal per- 


sons, i.e., While the beta phospholipid increased moderately as compared with the 
sera of young women, this increase was not in proportion to the great increase 
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in the beta lipids as a whole. Thus, the beta phospholipid of this group was 20 
per cent less than it would be if it were increased in the same ratio as in young 
women. 

Figs. 3 and 4 are seatter diagrams showing the relationship of beta lipids to 
serum lipids and of beta phospholipid to serum phospholipid for the individual 
members of this group as well as those of young men and women. The de- 
ranged content of the beta lipids with regard to phospholipid is thus emphasized. 
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Fig. 4 The relationship of serum and beta phospholipid in young men and women 
and in patients with coronary atherosclerosis. The horizontal line represents the average 
beta phospholipid concentration for the sera of young women. The values for most of the 
sera of young men fall below this line. 

1). Diseases with high incidence of atherosclerosis: 1. Diabetes mellitus: 
Kight instances of this disease, uncomplicated by ketosis, infection, or overt coro- 
nary disease, comprised this group. By chemical analysis, all of the serum lipid 
components were increased over the normal, particularly the serum phospholipid 
which averaged higher than that of the preceeding group with coronary athero- 
sclerosis. As shown in the listing of results from this group inTable II, there 
were inereased amounts of total lipid and phospholipid in the beta lipids of the 
sera examined, yet phospholipid represented but 33 per cent of this fraction. 
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The alpha lipids were decreased but phospholipid was present in nearly normal 
amount as compared with that for voung women. Some deerease in the other 
alpha lipid components is thus indicated to be present in diabetes. The beta- 
alpha lipid ratio was nearly threefold that of voung women. 


2. Nephrosis: The 3 subjects seleeted for this group had typical nephrotic 
syndromes with varying degrees of edema, hypoalbuminemia, proteinuria, and hy- 
percholesterolemia. The nephrosis in all subjects was believed to be secondary 
to chronie glomerulonephritis. The abnormal beta lipoproteins of this group of 
sera migrated with an inereased mobility, often eneroaching on the alpha lipid 
fraction and making exact separation and subsequent analysis frequently diffi- 
cult by the method employed. The greatly increased lipid content of these sera 
was refleeted in an increase in all components, including triglycerides. From the 
data listed in Table I, the greatest portion of this inereased lipid is seen to be 
present in the beta lipoproteins which contained 94 per cent of the total lipid 
and 88 per cent of the phospholipid which was present in the serum. By actual 
caleulation, however, phospholipid comprised but 26 per cent of the greatly in- 
creased beta lipids, or considerably less than that of any of the other groups 
studied. Reciproeally, the alpha lipids and phospholipids were decreased in 
actual amounts, with the latter appearing to make up 68 per cent of the alpha 
lipids of this group. One of these 3 subjects whose serum total lipid was 2,300 
mg. per cent, appeared to have an alpha lipid consisting almost entirely of phos- 
pholipid. This unusual result, verified on repeated testing, while perhaps rep- 
resenting some peculiarity of the method of extraction or of staining as it ap- 
plies to those abnormal lipoproteins, indicates the alpha cholesterol and trigly- 
ceride to be greatly deereased in nephrosis. Further studies are in progress with 
an aim to elarify this finding, particularly since similar results have been ob- 
served in some instances of acute infections hepatitis and obstructive jaundice, 
confirming the earlier observations of Kunkel and Slater." 

3. Essential hypercholesterolemia: The 5 subjects in this group, 8 men and 
2 women, were from 32 to 54 vears old. All had had angina pectoris or myo- 
cardial infaretion. One had fairly extensive tendon deposits of xanthomatosis 
and 4 had xanthelasma. Another, a 32-vear-old woman with severe angina 
pectoris which was present before and after an earlier episode of myocardial in- 
faretion, had a strong family history of probable hypercholesterolemia (3 siblings 
had died between the ages of 22 and 34 of acute heart disease), and has since 
died with a reeurrent myocardial infaretion. From chemical analyses of the 
sera, the markedly increased lipids reflected increases in cholesterol its 
esters and, to a lesser extent, in the phospholipid. In comparison with the sera 
of nephrotic patients, there was much less phospholipid and triglycerides. While 
the beta lipids were some threefold increased over that for yvoung women, the 
beta phospholipid was but twofold increased and comprised only 25 per cent of 
the beta lipids. Of equal interest was the finding that while the alpha lipids 
were slightly decreased below those of young women in terms of actual amounts 
present (130 mg. per cent), the alpha phospholipid (91 mg. per cent) was in- 
creased over that for young women and represented 70 per cent of the alpha 
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lipids. This increase in the alpha phospholipid was of about the same degree as 
previously noted in the sera of patients with diabetes and nephrosis. It is in- 
teresting that in this disease which is characterized by great increases in serum 
cholesterol, alpha cholesterol appears to be decreased. 


4. Hypothyroidism: The 2 patients in this group were 48- and 56-year-old 
women, Their basal metabolic rates were minus 36 and 40 per cent, respectively. 
Kach had the elassieal clinieal picture of myxedema. The serum total lipid was 
increased to an extent nearly equal to the average found in nephrosis, the serum 
total cholesterol was greater than in the latter but less than that found in hyper- 
cholesterolemia, and there were increased triglycerides. One of these sera was 
lactescent. The serum phospholipid was increased in degree comparable to that 
of the nephrotic sera. In these 2 subjects, 87 per cent of the serum lipids were 
present in the beta lipoproteins, giving the latter a lipid content of 4 times that 
for young women. Only 71 per cent of the serum phospholipid migrated in this 
beta fraction, with the result that the beta lipid content of phospholipid was but 
21 per cent. This was the lowest concentration for beta phospholipid found in any 
of the sera examined in this study. Of equal interest was the finding that the 
calculated alpha lipids in this disease is apparently inereased some 50 per cent, 
and the alpha phospholipid nearly 90 per cent, over the values for normal young 
women. More than one-half of the alpha lipids appear to consist of phospholipid 
in myxedema. The beta-alpha lipid ratio was increased to about the same de- 
gree as that in diabetic sera. The sera of both patients, after 6 months’ treat- 
ment with desiccated thyroid, showed more normal lipid distribution patterns of 
the type deseribed for the older age group of persons. 

Summary of Findings in Atherosclerosis.—Both these and other® results 
appear to indieate that the serum lipids in coronary atherosclerosis and in dis- 
eases with a strongly atherogenic tendency show distinet changes when they are 
examined in terms of their component distributions in the beta and alpha lipo- 
proteins and when compared with a reference group of normal young women. 
The general pattern of these changes appears to be as follows: 

The beta lipids, as a group, are increased greatly. 

The beta cholesterol is increased moderately.° 

The beta phospholipid is inereased slightly. 

The phospholipid pereentage content of the beta lipids is decreased 
vreatly. 

The alpha lipids are decreased moderately (exeepting myxedema ). 

The alpha cholesterol is decreased slightly.° 

The alpha phospholipid is decreased slightly (excepting myxedema ). 
The phospholipid percentage content of the alpha lipids is inereased 
slightly. 

The beta-alpha lipid ratio is increased greatly. 

The beta-alpha phospholipid ratio is increased moderately. 


These changes are visualized in Fig. 5, which illustrates in terms of milli- 


grams per cent concentration the aetual amounts of total lipid and phospholipid 
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found in the beta and alpha lipoproteins in each of the different groups studied. 
The lower bars represent the alpha and the upper bars the beta lipids, the whole 
bar in each instance representing the total lipid of each fraction. The shaded 
portion of each bar represents the amounts of beta and alpha phospholipid, and 
the percentage composition of each fraction is numerically inserted. It is seen 
that even though there is an increase in the beta phospholipid, this inerease is 
disproportionately less than the increase in the beta lipids, and that the latter, 
in atherosclerosis, contain relatively less phospholipid than is found in the sera 
of young women. 


1800- 
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F Fig. 5.—Relative lipid and phospholipid compositions of the beta and alpha lipoproteins 
in differing groups. A. Normal young women. B, Normal young men. C, Patients with 
recent myocardial infarction. D. Patients with uncomplicated diabetes. EK, Nephrosis. — F, 
Essential hypercholesterolemia. G, Myxedema. The portions of each bar representin« 
phospholipid are striped and the percentage composition of each is numerically represented 


DISCUSSION 


Additional information concerning the pattern of abnormal lipid distribu- 
tion in atherosclerotic sera has appeared as a result of this study. If one accepts 
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the distribution of serum lipids and phospholipid of young women as the nor- 
mal, or group of reference, then the sera of patients with coronary atherosclerosis 
have inereased beta lipids whieh contain less than the normal ratio of phospho- 
lipid. A trend to this pattern was found in the sera of young men. Beeause of 
their potential importance, sex differences in the blood lipids have been sought 
by many investigators. Thus, Russ and associates’ found young men to have 
more beta lipoprotein and less alpha lipoprotein than young women. Oliver and 
Boyd® found young men to have more beta cholesterol and less alpha cholesterol 
than young women. Nikkilii' and Fasoli,? by means of paper electrophoresis, 
had earlier demonstrated the same finding. Jones and co-workers** from a study 
of the low-density lipoproteins, found that 20 per cent of the men but only 2 
per cent of the women between the ages of 31 and 40 haye over 60 mg. per cent 
of the Sf 10-20 class of lipoproteins (believed to be of the beta fraetion); a 


similar difference could not be demonstrated in older age groups. The data re- 
ported here indicate another sex difference involving the phospholipid composi- 
tion of the beta lipoproteins, the latter, in young men, having more total lipid 
but relatively less phospholipid than those of young women. 


This pattern is somewhat more distinet in the older age group of normal 


subjects of both sexes, the beta lipids being increased to a greater degree than 


the beta phospholipid. The trend is more distinct in the group of persons with 


coronary atherosclerosis and in other strongly atherogenic diseases. these 


groups, the beta lipids are grossly increased whereas phospholipid constitutes a 


lesser percentage of this total. In all instances of patients with atherosclerosis, 


with the exception of myxedema, there are increases in the beta lipoproteins and 


decreases in the alpha lipoproteins of the serum. The significance of these re- 
ciprocal changes in the two lipoprotein fractions is unknown. Russ and c¢o- 
workers® associated this finding with a diminished albumin content of the alpha 


fraction, The observations concerning the differences found in myxedema are 
unexplained, 


The concept, revived by Boyd?’ and expressed by others,” ' '® that phos- 
pholipids play an important role in ‘maintaining stability of the plasma lipids 
and that lipid derangements resulting in deereased phospholipid concentration 


are associated with the development of atherosclerosis, provides a convenient in- 


terpretation of the findings of this study. It appears possible that this demon- 


stration of a relative decrease in the beta phospholipid, occurring concomitantly 
with an increase in the other beta lipids—a disturbed distribution known to be 
present in atheroselerosis—signifies lessened stability in a system with a satura- 
tion limit. 


It is known that the individual lipid fraction values, in the serum as well 
as in the two lipoprotein fractions, vary markedly from individual to individual, 
and that there is a wide variation in values obtained from normal persons. The 


variations in these values iv sera from patients with atherosclerosis is even more 
marked, Mann** has empl asized that the variability (of lipid values) within a 


given sex and age group is very large, and that the measures of spread around 
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the mean are large, giving coefficients of variation of 30 to 50 per cent. There- 
fore, in this, as in any study of blood lipids, average values should be interpreted 
as trends and not as absolute limits. The statistical significance of the observed 
changes in the beta lipids and phospholipids in the groups of young men and 
women and in the group of patients with coronary atherosclerosis is indicated 
in Table IIT. 
TABLE IIT 
NUMBER | BETA LIPID BETA PHOSPHOLIPID 
OF (MG. PER CENT ) (MG, PER CENT) 

GROUP SEX suBJECTS); Mean + S8.D. p Mean + 8.D. 

Normal young women 22 374 + 54.3 144+ 22.8 


Normal young men M 20 464+ 42.8 <0.01 133 + 27.1 <0.5 
Patients with athero 


sclerosis M-F 20 641 + 137.9 <0.01 202 + 62.0 <0.01 


SUMMARY 


1. A method, devised for the measurement of total lipids and phospholipids 
in the beta and alpha lipoproteins after electrophoretic separation of these serum 
fractions, has been applied to the sera of groups of normal young men and 
women, of older persons, and of patients with coronary atherosclerosis. Smaller 


groups of patients with diabetes mellitus, nephrosis, essential hypercholesterole- 


mia, and myxedema have also been included. Cholesterol, phospholipid, trighyve- 
erides, and total lipids have been determined in the original serum and the total 
lipid and phospholipid in each of the two lipoprotein fractions. 


2. The sera of young men have more total lipid with relatively less phos- 
pholipid in the beta lipoproteins, and less total lipid with relatively more phos- 
pholipid in the alpha lipoproteins than the sera of young women of comparable 
age. 

3. The sera of patients with coronary atherosclerosis and of patients with 
atherogenic diseases have greatly inereased total lipid with relatively less phos- 
pholipid in the beta lipoproteins, and markedly deereased total lipid with rela- 
tively more phospholipid in the alpha lipoproteins when compared with the sera 
of young women. 


4. This pattern of abnormal lipid distribution in atheroselerosis has been 
shown to be most pronounced in the beta lipoproteins. 


REFERENCES 


1. Nikkili, E.: Studies on the Lipid-Protein Relationships in Normal and Pathological 
Sera and the Effect of Heparin on Serum Lipoproteins, Seandinay, J. Clin. & Lab. 
Invest. (Supp. 8) 5: 1-101, 1953. 

Fasoli, A.: Electrophoresis of Serum Lipoproteins on Filter Paper, Acta med, seandinay, 
145: 233-235, 1953. 

Russ, E. M., Eder, H. A., and Barr, D. Po: Protein-Lipid Relationships in Human Plasma. 
1. In Normal Individuals, Am. J. Med. 11: 468-479, 1951. bid. IL.) In Athero 
sclerosis and Related Conditions, Am. J. Med, 11: 480-495, 1951. 

Rosenberg, I. N., Young, E., and Proger, S.: Serum Lipoproteins of Normal and Athero 
sclerotic Persons Studied by Paper Electrophoresis, Am. J. Med. 16: 818-821, 1954. 

. Oliver, M. F., and Boyd, G. S.: | Endoerine Aspects of Coronary Sclerosis, Lancet 11: 
1273-1278, 1956. 


Ay 

ink 

3 


52 


. Kunkel, H. G., and Slater, R. J.: Lipoprotein Patterns of Serum Obtained by Zone 


. Hofman, W. 8.: The Biochemistry of Clinical Medicine: 
. Chapin, A.: 


. Schoenheimer, R., and Sperry, W. M.: 


. Hawk, P. B., Oser, B. L., and Summerson, W. H.: 
23. Eder, A. E., and Russ, E. M.: 
. Mann, G. V.: 
. Jones, H. B., Gofman, J. W., Lindgren, F 


. Boyd, BE. M.: 


CHAPIN AND PROGER J. Lab. & Clin. Med. 
January, 1959 


Electrophoresis, J. Clin, Invest. 31: 677-684, 1952. 


. Gofman, J. W., Lindgren, F., Elliot, H., Mantz, W., and Strisower, B.: Lipoproteins and 


Atherosclerosis, J. Gerontol. 6: 105-119, 1951. 


. Ahrens, E. H., Jr., and Kunkel, H. G.: The Stabilization of Serum Lipid Emulsions by 


Serum Phospholipids, J. Exper. Med. 90: 409-416, 1949. 


. Kellner, A.: In Symposium on Atherosclerosis, National Academy of Sciences, National 


Research Council, Publication 338, 1955, p. 47. 


. Gertler, M. M., Garn, M. 8., and Lerman, J.: The Interrelationships of Serum Cholesterol, 


Cholesterol Esters and Phospholipids in Health and in Coronary Artery Disease, Cir- 
culation 2: 205-218, 1950. 


. Adlersberg, D., Sehaefer, L. E., Steinberg, A. G., and Chun-I Wang: Age, Sex, Serum 


Lipids and Coronary Atherosclerosis, J. A. M. A. 162: 619-622, 1956. ’ 
Hirseh, FE. F., and Nailor, R.: Atheroselerosis. IV. The Relation of the Composition of 
the Blood Lipids to Atherosclerosis, A. M. A. Arch. Path. 61: 469-487, 1956. 


. Davidson, J. D., Abell, L. E., and Kendall, F. E.: | Serum Lipids in Experimental Canine 


Arteriosclerosis, Am. Heart J. 38: 462, 1949. 


. Kellner, A., Correll, J. W., and Ladd, A. T.: Modifieation of Experimental Atherosclero- 


sis by Means of Intravenous Detergents, Am. Heart J. 38: 460, 1949. 


. Friedman, M., and Byers, 8. C: Role of Hyperphospholipidemia and Neutral Fat Increase 


in the Pathogenesis of Hypercholesteremia, Am. J. Physiol. 7: 13-18, 1956. 


. Jackson, R. 8., and Wilkinson, ©. F., Jr.: The Ratio Between Phospholipid and the 


Cholesterols in Plasma as an Index of Human Atherosclerosis, Ann. Int. Med. 37: 
1162-1172, 1952. 


. Albrink, M, J., Man, E. B., and Peters, J. P.: The Relation of Neutral Fat to Lactescence 


of Serum, J. Clin. Invest. 34: 147-157, 1955. 
Clinieal Significance of Plasma 
Cholesterol Concentrations, Chicago, 1954, Year Book Publishers, Inc., Chap. 4, p 109. 
The Distribution of Lipid and Phospholipid in Paper Electrophoresis of 
Normal Serum Lipoproteins, J. Las, & CLin. Mep. 47: 386-392, 1956. 
A Micromethod for Determination of Free and 
Combined Cholesterol, J. Biol. Chem. 106: 745, 1934. 
Fiske, C. H., and Subbarow, Y.: The Colorimetric Determination of Phosphorus, J. Biol. 
Chem. 66: 375, 1925. 
Practical Physiological Chemistry, ed. 
12, New York, 1951, The Blakiston Company. 
Composition and Distribution of Plasma Lipoproteins in 
Normal and Pathological States, J. Clin. Invest. 31: 626, 1952. 
The Interpretation of Serum Lipoprotein Measurements, Bull, New England 
M. Center 16: 152-159, 1954. 
. T., Lyon, T. P., Graham, D. M., Strisower, B., 
Lipoproteins in Atherosclerosis, Am. J. Med, 11: 358-369, 1951. 


The Lipid Composition of ‘‘Milky’’ Blood Serum, Tr. Roy. Soe. Canada 
(Sect. V, Biol. Se.) 31: 11, 1937. 


and Nichols, A. V.: 


= 
12 
13 
18 
19 
20 
91. 
3 


THE DIFFERING MECHANISMS OF ACTION OF MERCURIALS, 
CARBONIC ANHYDRASE INHIBITORS, AND 
CHLOROTHIAZIDE AS DIURETIC AGENTS 


V. Forp, M.D., J. B. IIT, M.D. 
Houston, TEXAS 


HE precise mechanism(s) of action of diuretic agents remains an enigma. 

Histochemical and in vitro chemical data indicate that perhaps mercurials 
and sulfonamides inhibit specifie enzyme systems for the activation of the 
ion exchange mechanism for sodium reabsorption. In an effort to supplement 
these data with reference to renal diuretic mechanisms, this study has been 
performed. It was speculated that the responses to 3 groups of diureties— 
mercurials (meralluride), carbonic anhydrase inhibitors (acetazoleamide), and 
chlorothiazide—in the urinary excretion of sodium might reveal indirect evi- 
dence concerning their mechanism of action. 

This study was inspired by preliminary work in dogs by Pitts,’ which 
suggested that mechanisms of certain diuretics were ‘‘competitive’’ while 
others were ‘‘noncompetitive.’’ The further exploration of this matter in 
human beings comprises the substance of this report. 


MATERIALS AND METHODS 


The subjects of the studies were men with well-controlled chronic congestive heart 
failure due to hypertensive cardiovascular disease. At the time of the study the 
patients presented no detectable edema. They were maintained on the metabolie ward and 
fed a diet containing 50 mEq. of sodium and 3,000 ml. of distilled water per 24 hours. Their 
average 24-hour excretion of sodium was 45 mEq. in the control state. On the morning of 
the study, and until its completion, the patients were not fed. They drank 1,000 ml. of 
distilled water from 6 A.M, to 7 A.M. and 250 ml, every hour until the study was completed, 
Urine, collected in 30-minute periods throughout the study, was analyzed for sodium, potas 
sium (analyzed by means of a Beckman flame photometer), chloride? and bicarbonate.’ Be 
ginning at 7 A.M. and throughout the study isotonic sodium chloride solution was infused 
intravenously at a rate of approximately 650 wkEy of sodium per minute. The purpose of 
this infusion was to prevent depletion of body stores of sodium which might be reflected in 
decreased urinary sodium during the latter parts of the study, especially after potent diuretic 
administration, Three diuretics, meralluride (Mereuhydrin), acetazoleamide (Diamox), and 
chlorothiazide (Diuril), were administered alone and in various combinations to determine 
the effects on the excretion of the various electrolytes. Contemporary observations of glo 
merular filtration rate (inulin clearance) and renal plasma flow (para-aminohippurate clear- 
ance) were made. Each segment of this study was repeated 5 times and the results are 
reported as the average values. In each value reported the mean effect is at least 3. times 
the standard deviation. 
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After four 50-minute control periods, a sustaining infusion of isotonic sodium chloride 
solution was administered at a rate of 650 wEq per minute and observations of the urinary 
electrolyte excretion were made for a total of 7 hours. 

In order to determine the potency of the various diuretics in producing an increased 
sodium excretion, the next segment of the study was performed, The sustaining infusion of 
isotonic sodium chloride was started. After four 30-minute control periods the various drugs 


were given separately by intravenous injection, and the urinary electrolyte responses were 


observed in four 30-minute periods, or a total of 2 hours. These periods, selected after pre- 


liminary studies, revealed that maximum responses were seen in these periods. Although 
an oceasional observation beyond this point revealed greater responses, this variation was not 
statistically significant. The effect of acetazoleamide on electrolyte excretion was observed 
at two dosages, 500 and 2,000 mg.; the dosages of meralluride were 20, 80, 160, and 320 
mg. of mereury equivalent*; the dosages of chlorothiazide were 500, 2,000, and 4,000 mg. 

In order to determine the possibility of competitive diuretic mechanisms other observa- 
tions were made, The sustaining infusion of isotonic sodium chloride solution was started, 
and after 4 control periods meralluride was administered in a priming dose of 160 mg. 
mercury equivalent (4 ml.) and 160 mg. placed in the sustaining infusion, After a 2-hour 
period, during which time the excretion of sodium reached a maximum rate, a 500 mg. priming 
‘lose of acetazoleamide was given and the observations extended another 2 hours. Several 
days elapsed before the patient was used again as the subject of this study. However, since 
an ample quantity of sodium chloride had been provided during the study the body stores of 
sodium were only rarely depleted by the rather massive diuretic administration, Only rarely 
did a patient complain of muscular cramps, nausea, or diarrhea. In a subsequent study, the 
order Was reversed. After a suitable control period, acetazoleamide was administered in a 
priming dose of 2,000 mg., and another 2,000 mg. was placed in the sustaining infusion of 
isotonic sodium chloride. After 2 hours, during which time the sodium response became 
maximal, meralluride (20 mg, mereury equivalent, 0.5 ml.) was administered intravenously 
ts a priming dose and the observations continued as before. The purpose of these two 
studies was to observe the possible inhibition of sodium exeretion by the second drug given 
after a maximum natriuretic effect had been obtained from the first drug. 

Similar studies were done using meralluride 160 mg. (4 ml.) as a prime and 160 mg. 
us a sustaining infusion followed after 2 hours by 2,000 mg. chlorothiazide as a priming dose. 
Subsequently (on another day) chlorothiazide was given in a priming dose of 2,000 mg. (and 
2,000 mg, sustaining) followed, after 2 hours, by a S80 mg. priming dose of meralluride (2 


mi. ), 


Similar studies were performed using a priming dose of 2,000 mg. of acetazoleamide 
(and 2,000 mg. as sustainer) followed by 500 mg. chlorothiazide as a prime. On a subsequent 
day chlorothiazide was given first, 500 mg. prime and 500 mg. sustaining, followed by 2,000 
mg. aeetazoleamide as a prime, 

A final study was performed using 160 mg. meralluride as prime (and 160 mg. sustain 
ing), followed by 2,000 mg. acetazoleamide as prime (and 2,000 mg. sustaining), and both 
of these followed by a priming dose of 500 mg. chlorothiazide. 

In each instance the dose of the first drug to be given was chosen as the one shown 
previously to produce a maximum sodium exeretory response for that drug. The dose of the 
second drug was chosen as that one which was most nearly equal in potency (relative to 
sodium excretion) to the first drug. However, if the second drug evoked an increased sodium 
exeretion, a dose one-half (or even one-fourth) the original dose was used to be certain that the 
factor of poteney was not operative. On the other hand, if the second drug failed to evoke 
an increased sodium excretion, either the dose of the first drug was reduced by one-half (or 


one-fourth) or the dose of the second drug was doubled, whichever was more feasible. 


*Forty milligrams mercury equivalent equals 1 mil. 
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RESULTS 
A. The Response to Isotonic Saline Infusion (Fig. 1).—Under the eondi- 
tions of this study the intravenous infusion of isotonic sodium chloride solution 
produced a threefold increase in the urinary exeretion of sodium (and chloride ) 
which became apparent within 2 hours. The rate of the infusion was ap- 
proximately 650 pEq per minute of sodium and the excretory sodium rate 
fas approximately 120 pEq per minute during the 7 hours of observation. 
Bicarbonate and potassium exeretion was not altered. These patients, al- 
though previously edematous, presented no evidence of edema at the time of 
the study and had been on a moderately restricted salt intake for some time. 
During the remainder of the day and on the day following this procedure 
their sodium excretion was naturally greater than prior to the study as the 
kidney was able to exerete slowly the excess salt load presented by the in- 
fusion. These data furnish the background upon which is superimposed the 
effect of various diuretics under identical conditions in subsequent studies. 
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Fig. 1.—The response in sodium excretion to the infusion of isotonic saline in cardiac 
patients eating a diet containing 50 mEq. sodium daily. After two hours the sodium excre- 
tion is fairly stable during the continuous infusion of isotonic saline. 
B. The Effect of Three Intravenously Administered Diuretics on the Excre- 
tion of Sodium and Other Electrolytes (Fig. 2).—During the infusion of isotonic 
sodium chloride, the intravenous administration of 500 mg. acetazoleamide 
produced a maximum sodium exeretion of 300 + 45 pEq per minute (control 

100 — 120) while a dose of 2,000 mg. produced a rate of 340 + 52 pq per 
minute illustrating no significant difference between these two dosages. The 
exeretion rate of potassium was about 90 per cent that of sodium, bicarbonate 
exeretion rate paralleled potassium, and the chloride excretion rate was de- 
pressed to less than the control value. The intravenous administration of 
meralluride produced a sodium exeretion of 301 + 52 pkEq per minute after 
20 mg. mereury equivalent (0.5 ml.), 610 + 72 after 80 mg., 1309 + 120 after 
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160 mg., and 1,392 + 137 after 320 mg. of meralluride. This illustrates a 
significant relationship of response in sodium exeretion to the dose until the 
160 mg. dose level is passed after which no additional response is observed. 
The exeretion rates of potassium and bicarbonate were not altered; chloride 
excretion paralleled the sodium exeretion. The intravenous administration of 
chlorothiazide produced a sodium exeretion of 397 + 36 »Eq per minute after 
900 mg., 815 + 82 after 2,000 mg., and 892 + 96 after 4,000 mg. of the drug. 


CONTROL 
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MERALLURIDE 


160 mgm.Hg 


320 mgm. Hg | 
500 mgm. 


2000 mgm CHLOROTHIAZIDE 


4000 mgm 
i i i i j 
0 300 600 900 1200 1500 
SODIUM EXCRETION 
( microequivalents per minute) 


Fig. 2.—The effect of 3 diuretics given intravenously on sodium excretion. The com- 
parative bar graphs illustrate a distinct dependence of sodium excretion upon the dose of 
meralluride and chlorothiazide but the last two doses show no significant differences. 


This illustrates, as in the case of meralluride, that there is a significant rela- 
tionship of sodium response to the dose of the drug until the 2,000 mg. dose is 
exceeded, beyond that further increase in dosage is not accompanied by an 
increased sodium excretory rate. The exeretion rate of potassium and _ bi- 
carbonate was increased to about 35 per cent of the sodium rate; chloride 
excretion paralleled the sodium exeretion. 

C. The Effect of Combinations of Meralluride and Acetazoleamide on the 
Excretion of Sodium and Other Electrolytes (Fig. 3)—After the administration 
of meralluride, 160 mg. mereury equivalent (4 ml.), as a priming dose and 160 
mg. as a sustaining infusion, there was an increase in sodium exeretion from 
a control value of 110 pEq per minute to 1,560 + 170. As the sustaining 
infusion of saline containing the meralluride was continued and while the 
sodium exeretory rate was maximum and stable (at the end of 2 hours) the 
intravenous administration of 500 mg. acetazoleamide, prime only, produced 
a further increase in sodium exeretion to 1,920 + 310 wEq per minute. Chlo- 
ride excretion after meralluride paralleled sodium exeretion while potassium 
and bicarbonate were not altered. After acetazoleamide was added, the chlo- 
ride excretion rate was reduced to only 50 per cent of the sodium rate while 


biearbonate and potassium exeretion rates increased to 50 per cent of the 
sodium rate. 


| 
| 2Omgmbg 


en " MECHANISMS OF ACTION OF DIURETIC AGENTS 57 
In a subsequent study the administration of acetazoleamide, 2,000 mg. 
prime and 2,000 mg. sustaining, produced an increase in sodium excretion to 
345 + 52 pEq per minute which was maximum and stable at the end of 2 
hours. At this point a priming dose of meralluride 20 mg. (0.5 ml.) produced 
a further increase to 722 + 119 »Eq per minute. The excretion rate of bicar- 
bonate and potassium after acetazoleamide was increased to about 90 per cent 
of the sodium rate while chloride excretion was depressed below the control 
rate. After meralluride was added, the chloride exeretion rate increased to 
80 per cent of the sodium rate while bicarbonate and potassium excretion 
rates were not altered from the original acetazoleamide effect. 
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Fig. 3.—The effect of combinations of meralluride and acetazoleamide on sodium excre- 
tion illustrating noncompetitive mechanisms of action. Even with a maximum response from 
either meralluride or acetazoleamide, the administration of the other drug produces an addi- 
tional increase in sodium excretion suggesting activation of a second “receptor site.” 


D. The Effect of Combinations of Meralluride and Chlorothiazide on the 
Excretion of Sodium and Other Electrolytes (Fig. 4).-After the administration 
of 160 mg. mereury equivalent of meralluride (4 ml.) as prime and 160 mg. 
as sustaining, the sodium excretion increased to 1,360 + 170 »Eq per minute 
which was maximum and stable at the end of 2 hours. At this point a priming 
dose of 2,000 mg. chlorothiazide produced a further increase in sodium exere- 
tion to 1,732 + 158 »Eq per minute. The chloride excretion rate was increased 
after meralluride to parallel the sodium rate while bicarbonate and potassium 
were not altered. After echlorothiazide was added, bicarbonate and potassium 
excretion rates were increased to about 35 per cent of the sodium rate while 
the chloride excretion rate was only 60 per cent of the sodium rate. 

In a subsequent study the order was reversed so that a 2,000 mg. priming 
dose and a 2,000 mg. sustaining dose of chlorothiazide produced a sodium 
excretion of 860 + 92 pEq per minute which was maximum and stable at the 
end of 2 hours. At this point a priming dose of meralluride, 80 mg. mereury 
equivalent (2 ml.), produced no further increase in the rate of sodium execre- 
tion (780 + 82 wEq per minute). After the chlorothiazide administration the 
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excretion rate of potassium and bicarbonate was increased to about 35 per 
cent of the sodium rate while chloride excretion paralleled the sodium exere- 
tion. When meralluride was added no significant changes in potassium, 
chloride, or bicarbonate were observed. 

E. The Effect of Combinations of Acetazoleamide and Chlorothiazide on 
Electrolyte Excretion (Fig. 5).—The administration of 2,000 mg. of acetazole- 
amide as a prime and 2,000 mg. as a sustaining dose produced a sodium ex- 
cretion of 345 + 52 p»Eq per minute which was maximum and stable at the 
end of 2 hours. At this point, a 500 mg. priming dose of chlorothiazide pro- 
duced an additional increase in sodium excretion to 720 + 88 wEq per minute. 

In a subsequent study the order was reversed so that 500 mg. of both a 
priming and a sustaining dose of chlorothiazide, produced a sodium exeretion 
of 442 + 65 pEq per minute which was maximum and stable at the end of 2 
hours. At this point, a 2,000 mg. priming dose of acetazoleamide produced no 
further increase in sodium exeretion (380 + 51 »Eq per minute). 
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Fig. 6.—The effect of combinations of acetazoleamide and chlorothiazide on = chloride 
and bicarbonate excretion. Chlorothiazide decreases the bicarbonate response produced by 
acetazoleamide but augments chloride, 


To further elaborate on this situation a single typical study of the ex- 
eretion of biearbonate and chloride under the same conditions is presented in 
Fig. 6. After the priming and sustaining doses of acetazoleamide, bicarbonate 
exeretion rate increases to 520 while the chloride excretion rate is 20 phy 
per minute (control bicarbonate was less than 10 and chloride less than 40). 
After chlorothiazide was added as a prime (in the same study) bicarbonate 
excretion dropped to 220 and chloride to 190 per minute. In 
a subsequent study, when chlorothiazide was administered first, bicarbonate 
excretion increased to 220 and chloride to 230 hq per minute. However, 
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after acetazoleamide was added as a prime (in the same study) bicarbonate 
excretion rate was then 200 and chloride 200 »Eq per minute. Potassium 
excretion (not graphed), in general, paralleled the bicarbonate excretion. 

F. The Effect of Combinations of Meralluride, Acetazoleamide, and Chlo- 
rothiazide on the Excretion of Sodium and Other Electrolytes (Fig. 7).—The 
administration of meralluride, 160 mg. mereury equivalent (4 ml.), as a prime 
and 160 mg. as a sustainer produced a sodium exeretion of 1,360 + 170 pEq 
per minute which was maximum and stable at the end of 2 hours. At this 
point, 2,000 mg. acetazoleamide, both as a priming and a sustaining dose, 
produced an additional increase in sodium exeretion to 1,742 + 182 pEq per 
minute which was maximum and stable at the end of the second 2-hour period. 
At this point, a 500 mg. priming dose of chlorothiazide produced a third in- 
crease in sodium exeretion to 2,249 + 240 »Eq per minute which was maximum 
and stable at the end of the third 2-hour period. 
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SUSTAINING INFUSIONS 

Fic. 7.-The effect of a combination of meraliuride, acetazoleamide, and chlorothiazide on 
increase in sodium excretion. 

The excretion of potassium was similar to that observed in previous studies 
and, in general, paralleled bicarbonate excretion. The exeretion of biearbon- 
ate was similar to that in previous studies and generally inereased after 
acetazoleamide (35 per cent of the sodium rate) and declined after chloro- 
thiazide was added to only 25 per cent of the sodium rate. Chloride exeretion 
was also similar to that in previous studies and, in general, inereased after 
meralluride to a degree similar to that of sodium. After acetazoleamide was 
added, chloride excretion rate decreased to about 50 per cent of the sodium 
rate. However, after chlorothiazide was added the chloride exeretion rate 
onee more inereased to about 70 per cent of the sodium rate. 

Renal Hemodynamic Effects. Contemporary observations of glomeru- 
lar filtration rate (inulin clearance) and renal plasma flow (para-aminohippu- 
rate clearance) revealed no significant changes (data not presented). 
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DISCUSSION 

The synthesis and exploration of varying chemieal compounds with diu- 
retie action has encouraged speculation concerning their mechanisms of action. 
Admittedly, this area of man’s knowledge is woefully inadequate due to in- 
sufficient techniques for study. Histochemical studies have furnished certain 
bits of information implicating specific enzyme system inhibition by mercurial 
diuretic therapy. Also, the ability of sulfonamides and other agents to inhibit 
the carbonic anhydrase system is fairly well documented by in vitro studies. 
These drug effects inhibit sources of energy for the activation of the ion ex- 
change mechanism for sodium reabsorption. Although this information is 
valuable, it is incomplete and, furthermore, does not necessarily deseribe the 
specific electrolyte excretion effects to be expected from specific enzymatic 
inhibition. 

The purpose of this study therefore, is to present indirect evidence con- 
cerning the mechanisms of action of 3 groups of diuretics. If one proceeds 
with the hypothesis that the primary action of diureties is to inhibit the renal 
tubular reabsorption of sodium, changes in urinary sodium may afford indireet 
evidence of diuretic action. Furthermore, the relationships of the urinary 
exeretion of various other electrolytes, especially potassium, chloride, and bi- 
carbonate, under conditions of diuretic therapy may afford additional mecha- 
nistie information. The concept to be tested involves the ‘‘saturation’’ of the 
hypothetical receptor site, or the inhibition of one renal transport mechanism 
by the first drug to be followed by the second drug administration, and the 
observation of subsequent changes in sodium exeretion. Dosages of the 
‘*second’’ drugs were selected to avoid the factor of potency (see Materials 
and Methods). If the second (or third) drug effected an additional increase 
in sodium exeretion, one might speculate that a second (or third) reeeptor 
site or transport mechanism had been affected. If the second (or third) drug 


failed to effect an additional increase in sodium excretion, one might speculate 
that the receptor site or transport mechanism of the first drug had been ‘‘satu- 
‘ated’’ and that the second drug had no other site (or mechanism) through 
which to act and that their mechanisms were ‘*competitive.’’ 


The results of this study suggest that the mechanisms of action (? enzyme 
system inhibition) of meralluride and acetazoleamide are different or non- 
competitive. This conclusion is based on the significant increase in sodium 
exeretion following the administration of acetazoleamide after a maximum 
excretory rate of sodium excretion has been produced by meralluride as a 
priming injection and during the continued administration of meralluride as 
a sustaining infusion. Additional evidence is furnished by the results of the 
study in which the order of drugs is reversed. A similar effect is observed 
when acetazoleamide is administered as a priming injection and sustained 
throughout the study. Although an equipotent (or less) dose of meralluride 
is then injected, there is still an increase in sodium excretion. In other words, 
massive doses of either acetazoleamide or meralluride cannot ‘‘block’’ the 
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effeet of subsequent doses of the other drug (meralluride or acetazoleamide ) 
on the exeretion of sodium suggesting that a second receptor site has been 
acted upon, a second renal transport mechanism inhibited. 

A slightly different conclusion must be drawn concerning the relationships 
of meralluride and chlorothiazide. Since chlorothiazide can further increase 
the excretion of sodium even after a maximal effect has been produced by 
meralluride, another mechanism or receptor site appears to be involved. The 
converse is not true, however. After a maximum effect has been produced 
by chlorothiazide, the addition of meralluride cannot further augment sodium 
exeretion. This suggests that chlorothiazide and meralluride share a single 
mechanism of action or receptor site (for transport inhibition) but, also, that 
chlorothiazide can augment sodium exeretion by inhibition of another trans- 
port mechanism. Meralluride apparently can augment sodium excretion by 
inhibition of only a single sodium reabsorptive transport mechanism. In other 
words, chlorothiazide ean ‘‘block’’ the effect of subsequent doses of merallu- 
ride but meralluride cannot **‘block’’ the effect of subsequent doses of chloro- 
thiazide on the exeretion of sodium. 

The relationships of acetazoleamide and chlorothiazide reflect a somewhat 
similar situation. Although chlorothiazide can further augment sodium ex- 
cretion even after a maximum effect has been produced by acetazoleamide, 
the converse is not true. This suggests that these two drugs share one mecha- 
nism of action or receptor site but that chlorothiazide can exert its effects 
through yet another mechanism. In other words, chlorothiazide can ‘‘block”’ 
the effect of subsequent doses of acetazoleamide but acetazoleamide cannot 
“block” the effeet of subsequent doses of chlorothiazide on the excretion of 
sodium, 

That chlorothiazide does not necessarily use the ‘‘acetazoleamide mecha- 
nism’? when blocked by meralluride and the ‘‘meralluride mechanism’’ when 
blocked by acetazoleamide, is indicated by the results of the final segment of 
this study. Although both transport mechanisms have been inhibited by the 
prior priming doses and continued sustaining doses of both meralluride and 
acetazoleamide, the subsequent injection of even a small dose of chlorothiazide 
evokes a further inerease in sodium exeretion. This suggests that chloro- 
thiazide activity cannot be ‘‘blocked’’ by meralluride or acetazoleamide 
(singly or in combination) although it is capable of ‘‘blocking’’ both of them. 
This may be considered indirect evidence that chlorothiazide produces its 
effect in inhibiting the renal tubular reabsorption of sodium by a third jmecha- 
nism of action which is noncompetitive with the mechanisms of action of 
meralluride and acetazoleamide. That this may indicate a greater range of 
activity of enzyme binding throughout the nephron by chlorothiazide must be 
considered, but the data at hand do not permit us to differentiate this point. 
It must be emphasized that these changes were observed without contemporary 
change in renal hemodynamies (glomerular filtration rate and renal plasma 
flow). 
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The relationships of other urinary electrolytes, such as potassium, chloride, 
and bicarbonate, lend further support to these conclusions. Detailed deserip- 
tion of these changes have been omitted from the discussion since the primary 
consideration of the moment is that of diuretic action which we consider to 
be primarily natriuretic. 


SUMMARY 


Indirect evidence concerning the mechanisms of action of meralluride, 
acetazoleamide, and chlorothiazide as diuretics has been presented in data 
consisting of the urinary excretion of sodium, potassium, chloride, and biear- 
bonate. The primary action of these diureties is the augmentation of the renal 
excretion of sodium. 

The data suggest that the mechanisms of action of meralluride and ace- 
tazoleamide are noncompetitive and different, i.e., different ‘‘receptor sites”’ 
are acted upon or different renal transport mechanisms for the reabsorption 
of sodium are inhibited. 

The mechanism of action of meralluride is competitive with that of chlo- 
rothiazide (the same). Yet, chlorothiazide apparently can act through another 
mechanism which is noncompetitive with meralluride but another mechanism 
is apparently not available to meralluride. 

The mechanism of action of acetazoleamide is competitive with that of 
chlorothiazide (the same). Yet, chlorothiazide apparently can act through 
another mechanism which is noncompetitive with acetazoleamide. 

The third mechanism of action as a diuretic exemplified by chlorothiazide 
cannot be inhibited by the concurrent administration of meralluride and ace- 
tazoleamide, i.e., the receptor site (for the inhibition of renal reabsorption 
of sodium) of chlorothiazide cannot be ‘saturated’? by meralluride or ace- 
tazoleamide. 


This additional mechanism of action of chlorothiazide may imply involve- 


ment of another enzyme system or it may imply a greater range of activity of 
chlorothiazide throughout the nephron. 


We express our sincere gratitude to Drs. Robert Pitts, Karl Beyer, and Carroll Handley, 
for their review of this manuseript and for helpful comments, 
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ON THE ZONE ELECTROPHORESIS OF HUMAN 
PAROTID SALIVA IN STARCH GELS 


Kirk C, Hoerman, D.D.S., M.S.* 


Wirth tue TecHNicaL ASSISTANCE or V. J. BERZINSKAS** 


? TO 12 protein components have been demonstrated in pure human pa- 

rotid saliva using boundary electrophoresis.’ The role of salt anomalies, 
however, appears to be incompletely determined. Zipkin and associates,* in 
their studies of human parotid protein, drew attention to the fact that the 
major boundary, occurring at an average mobility of + 0.3 «x 10° em.’ see.' 
volt"', was not examined for contribution of the salt anomaly, which is known 
to exist at low mobilities in descending boundaries. 

The principal advantage of zone electrophoresis would be the exclusion 
of boundary anomalies. Added to this would be better resolution of low molec- 
ular weight proteins, ability to handle smaller quantities of protein, and ease 
of isolation of distinct protein components. Nonetheless, no report has appeared 
claiming a zone electrophoretic separation of parotid protein comparable to 
that provided by the classic Tiselius methods. 

Kinersly* was able to resolve whole human saliva protein into 2 or 3 zones 
on paper supports. In the light of the demonstration of some 9 to 12 distinet 
protein components in human parotid saliva—indeed a component part. it- 
self of total admixture whole saliva—by boundary electrophoresis, it would 
appear that zone electrophoresis is of little value in the study of salivary pro- 
teins. Our attempts to separate parotid saliva protein on paper supports 
were discouraging. Rarely could more than two zones of low mobility be 
resolved, This enigma led to an assumption that the major portion of human 
parotid protein was cationie and strongly adsorbed on paper. After exami- 
nation of other solid media, starch gel supports were found suitable, provided 
rigid control of procedures was instituted, 


METHODS 


Generally, the technique of Smithies® for the separation of blood serum protein 
in starch gels was followed, 


Parotid Saliva Collection. The Lashley parotid cup, as modified by Curby,® was used 
to obtain pure parotid gland secretions, 


An accurately measured volume of not less than 
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5 ml. of parotid saliva, stimulated by chewing,* was collected from each of 10 healthy men, 
aged 25 to 36 years. One milliliter of native secretion was taken for total protein determina- 
tion by the biuret reaction. 

Preparation of Sample for Electrophoresis.—To the parotid sample was added 4 
volumes of cold acetone (—17° C.) to precipitate protein. This mixture was refrigerated 
for 24 hours at temperatures below 0° C., after which centrifugation at 1,300 g (-7° C.) 
was accomplished. The supernate was decanted following a negative biuret color, and the 
precipitate was lyophylized. When ready for use, protein samples were reconstituted with 
an appropriate volume of distilled water, usually 0.2 to 0.5 ml. 

Electrophoretic Conditions—A 15 per cent solution of Merck reagent grade soluble 
potato starch (in borie acid, 0.03 M total borate, pH 8.4) was heated until complete eruption 
of starch grains occurred. Entrapped air was removed under negative pressure, and the 
solution was poured into Plexiglas trays of the dimensions suggested by Smithies.5 The 
filled trays, covered with lubricated Plexiglas strips, were allowed to stand until a firm gel 
formed. A paper stript was cut to fit the short axis of the gel slab and, soaked in recon- 
stituted protein sample, was placed in a slit cut in the gel midway on the long axis. After 
insertion of the parotid protein sample, the area was covered wth a lubricated cover glass 
slip. The gel slab was set on the migration chamber and the ends brought in contact, by 
means of buffer-soaked paper wicks, with electrode basins filled with 0.3 M boric acid, pH 
8.4 adjusted with NaOH. A Pt/Pt electrode system was used. The entire unit was placed 
in a cold room (4° C.) and a potential gradient of 8.7 volts per centimeter (4 to 5 Ma.) was 
applied. Five hours under these conditions gave satisfactory separations. The gel slabs 
were carefully removed from the trays: cut in half, longitudinally; stained in a concentrated 
solution of Amido-Black 10B dye; and washed in a series of methanol, acetic acid, and water 
baths aceording to the procedures of Smithies.* 


RESULTS 


Nine to twelve distinct protein zones were readily visible after staining 
the cut gel slabs. Fig. 1 shows a photograph of a typical stained gel slab with 
an accompanying drawn diagram of the various parotid protein zones. Six 
to nine components migrated as cations under the present electrophoretic 
conditions. Greatest variation in patterns occurred in the area of components 
VI and VIII. Zone VI usually revealed some spreading; however, subzones 
were frequently observed within the total area of VI. Components VII and 
VIII showed low dye-binding capacity. There was noticeable fading of these 
zones following one hour in washing solutions (methanol, distilled water, and 
glacial acetic acid: 50:50:10, v/v). This fading effect could be diminished 
by altering the washing solution to a ratio of 30:70:10, v/v. The anions (com- 
ponents I, Il, and IIL) were present without variation. 

Standardized photographs of stained gels were scanned in a recording 
densitometer (Aminco JLC) to obtain an approximate concentration curve 
of each zone. The resulting curve of one such scanning, along with a photo- 
graph of the stained gel, is shown in Fig. 2. The greatest concentration of 
cationic protein was found in the area from zones V to VII and constituted 
approximately 40 per cent of the total. The slowest migrating anionic pro- 
tein (component Ill) contributed approximately 20 per cent of total protein. 

It was observed that the anions, I, Il, and III, along with cations V and 
VI, aequired a migration along the gel in the fashion of blood serum proteins. 


*Kindly supplied by the American Chicle Company as Dentyne gum. 


*The tightly pressed paper fillers in boxes of Johnson & Johnson dental root canal points 
were ideal for sample application. 
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CATIONS ANIONS 


Photograph and drawn diagram of a stained gel slab with the typical parotid saliva 
protein component distribution shown. Total protein, 230 mg. per cent. 
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Fig. 2.—VPhotograph of a stained gel slab showing parotid protein distribution with 
an accompanying concentration curve approximated by means of a scan of a standardized 
photograph of the gel slab in an Aminco JLC photodensitometer. 
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Fig. 3 shows the result of an experiment in which a parotid protein and 
blood serum sample were inserted in the same gel slab and subjected to elec- 
trophoresis. Parotid components I and Ill exhibited migrations similar to 
serum albumin and beta globulin, respectively. However, information gained 
in such an experiment would serve merely as a guide to isolation and pre- 
parative procedures leading to absolute comparative identification of parotid 
components I and IIT. 


> 


BLOOD SERUM 


PAROTID SALIVA Fax, ALB ALB 


Fig. 3.—VPhotograph and explanatory diagram of a gel slab in which parotid saliva protein 
and blood serum were subjected to electrophoresis concomitantly. 


DISCUSSION 


Control of parotid amylase action on the starch gel support was accom 
plished in an acceptable fashion by employing a relatively chloride-free protein 
sample as a result of the acetone precipitation method, and electrophoresis 
runs at low temperatures with increased potential gradients. Some amylase 
activity usually oceurred immediately off the point of sample insertion toward 
the cathode. It was of such an order, however, as to have no deleterious 


effect on the supporting medium and, in turn, on the migration of the faster- 
moving cationic components. 

Changes in the physical properties of the starch gels after staining and 
washing prevented the accurate measurement of migration constants. And 
the indirect method of obtaining concentration curves from standardized 
photographs of the stained gels was considered of little quantitative value. 

Among the advantages of the method are: (1) simplicity and convenience, 
(2) reduced volumes of native parotid secretion (protein) required, (3) pos- 
sibility of characterization of distinet components by specific color reactions 
or application of radioactive isotopes, and (4) ability to isolate various pro- 
tein components for further biologie classification. 
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SUMMARY 

A method for separation of parotid saliva proteins by zone electrophoresis 
in starch gels has been presented. It was found simple, convenient, and free 
from the great technical requirements of classic boundary electrophoresis. 


A study of 10 samples of parotid saliva subjected to electrophoresis by 
the present method revealed reproducible protein migration patterns. Nine 
to twelve protein components were regularly resolved. This finding was in 
good agreement with those reported in which boundary electrophoresis was 
employed. The majority of components migrated as cations at pH 8.4. 


Two parotid protein components were observed to migrate in the fashion 
of blood serum proteins subjected to similar electrophoretic conditions. Abso- 
lute identification of these parotid components on a comparative basis awaits 
further investigation, 
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RELATIONSHIP OF EQUILIBRIUM OF DISTRIBUTION, BIOLOGIC 
DECAY RATES, AND SPACE AND MASS OF H’, Cl**, AND Rb* 
OBSERVED SIMULTANEOUSLY IN A COMFORTABLE AND IN 
A HOT AND HUMID ENVIRONMENT IN CONTROL SUB- 
JECTS AND IN PATIENTS WITH CONGESTIVE 
HEART FAILURE 
C. T. Ray, M.D.,* anp G. E. Burcu, M.D.** 

New ORLEANS, LA. 


N ORDER to study the demands placed on the vascular system by thermal 

regulation in a hot and humid environment, daily clinical studies were 
made of unselected patients admitted to adjoining wards at the Charity Hos- 
pital; one was maintained at comfortable conditions with air conditioning, 
and the other was exposed to the hot and humid environment of New Orleans 
in mid-summer. In most instances, even though the patients’ impression 
and ordinary clinical observations readily convinced the clinician of the marked 
benefits of the comfortable environment, such impressions were not substan- 
tiated by differences in the pulse rates, character and rate of respiration, blood 
pressure, body temperature, and other physiologic phenomena between the 
two groups. Since a hot and humid environment profoundly influences sweat- 
ing and water and electrolyte intake, as well as other phenomena concerned 
with thermal regulation, the details of certain aspects of electrolyte and water 
metabolism were investigated by tracer methods already in use in this labo- 
ratory to learn the influence of these two types of environments on sick people. 
Control subjects without disturbance in water and electrolyte metabolism 
were observed along with patients with chronic congestive heart failure. 


Tritium, Rb“, and Cl** were employed simultaneously as tracers along 
with determinations of stable electrolytes under controlled metabolie condi- 
tions. In addition, the experiments were also designed to elucidate water and 
electrolyte metabolism in man by simultaneous observations of the 3 tracers 
and nontracer elements. 


METHODS AND MATERIALS 


Ten Negro women (see Table I for clinical data) were studied under controlled 
metabolic conditions in the wards of Charity Hospital during the hot and humid period 
of July 9 to Aug. 3, 1956. Five subjects were injected simultaneously with Cl%6 (as 
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NaCl), Rb*¢ (as RbseCl), and H3 (as H*OH) in doses shown in Table I. Metabolic data 
included intake and output of K®, Cl%5, Na2s, and water. Previous studies had shown 
the loss of chloride, sodium, and potassium in normal stools to be negligible,t,2 and there 
were no instances of diarrhea among the subjects in this study. Body weight was recorded 
each morning for all subjects when the clinical state permitted. 


TABLE I. CLINICAL DATA ON THE FIVE SuBJECTS STUDIED 


‘DOSE OF ISOTOPES 
| 


PATIENT | AGE | 
NUMBER | (YR.) | DIAGNOSIS (Mc.) | (MC.) (Mc. ) TREATMENT 
] 46 Control, 0.026 0.631 3.749 None 
convalescent, 
upper respiratory 


infection 


2 50 Control, 0.027 0.663 4.104 Streptomycin, 
tuberculous sodium para-amino- 
arthritis salicylate, body and leg 


east 
3 52 R.H.D., 0.020 0481 2.993 Digitalis 
CALF. mercurial 
4 52 A.S.H.D., 0.027 0.662 3.780 Digitalis 


mercurial diureties 
C.H.F. 


diureties 


5 65 A.S.H.D., 0.026 0.642 3.852 Digitalis 
C.ILF., penicillin 
empyema, thoracentesis 
_pneumothorax 
Key to ‘abbre Vv lations: A.S.H.D. “arte riose le srotic heart disease; H.H.D. = hypertensive 
heart disease; R.H. rhe umatic heart disease; C.H.F. congestive heart failure. 


Samples of blood were collected daily at 8:00 A.M. prior to eating; one aliquot was 
collected under oil for studies of the plasma and another aliquot was used for studies 
of whole blood, Studies on the plasma included measurements of Cl56, Rbs¢, Hs, Cls5, 
Na2s, K%%, creatinine, and osmolarity. Studies on the whole blood ineluded measure- 
ments of Clsé, Rbsé, Na2s, K9, and hematocrit. The concentrations of Cl%6, Rbs¢, 
and H® in the erythrocytes were computed by the following equation: 


Cws - H) 


H 
where Cy = the concentration of the substance in erythrocytes; Cy, — the concentration 
of the substance in whole blood; C, the concentration of the substance in plasma; 


and H the hematocrit. 


The urine was collected under toluene from 8:00 A.M. to 8:00 a.m. of the following 
day, The volume of urine was recorded along with specifie gravity, pH, osmolarity, and 
Na2s, C185, Clsé, Rbs6, K39, Hs, and creatinine. 

All samples of whole blood were laked by freezing and thawing before radiometric 
or chemical analyses were made, Sodium and potassium content of whole blood, serum, 
and urine was determined by flame photometry, chloride by the method of Schales and 
Nechales,* osmolarity of serum and urine by the Fiske osmometer, and creatinine by the 
method of Haugen.4 

The concentrations of Rbs* and Cls6 were determined by the method previously 
deseribed.5 Separation of the two isotopes in the same sample was achieved by count- 
ing a few hours after collection of the samples and then recounting 200 days later after 
the Rbse had decayed. Radioassay for tritium was preceded by distilling the water from 
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whole blood, urine, and serum at 90° to 100° C, The distillate contained no C156, 
Radioassay of the tritium in this water distillate was done with a Packard Tri-Carb 
liquid scintillation counter.* 


The subjects were divided into equal groups: one group was observed in the com- 
fortable air-conditioned ward (mean temperature 74.7° F., range 70.1° to 80.2° F., and a 
mean relative humidity of 73.4 per cent with extremes of 90 per cent and 60 per cent), 
and the other group was in a sub-tropical summer environment of an ordinary ward in 
July. The average daily temperature recorded twice daily on the ward was 86.8° F., 
with a relative humidity of 62.0 per cent. For the period of observation the Weather 
Bureau reports revealed a mean temperature of 83.4° F., range 94° F. to 69° F., and a mean 
relative humidity of 80.0 per cent, range 98 per cent to 47 per cent. The maximum 
daily temperature was 90.0° F. or greater on 21 of the 26 days of observation. At the 
end of approximately 2 weeks the subjects were changed to the other environment. 


RESULTS 

For convenience of presentation the results summarized in Figs. 1 to 6 
and Tables If and III are divided into 3 sections: equilibrium of distribu- 
tion, biologie decay rates, and measurements of space and mass. 

Equilibrium of Distribution —Previous experiments’* indicated that it 
was not possible to determine in intact man the moment at which equilibrium 
of distribution of radioelements is established. Since only a limited number 
of isotopic compartments of the body could be sampled simultaneously, equilib- 
rium of distribution of Cl**, Rb**, and H®* was estimated from the following: 
(a) the constaney of slope of the concentration-time course curves of the 
tracers, (b) the constancy of the magnitudes of the calculated space and mass 
of the nontracer elements, and (c) the specific aetivity of more than one com- 
partment, namely, plasma and erythrocytes for Rb**. The values noted below 
were derived from these 3 methods. 

Radiochloride: Equilibrium of distribution of Cl°* probably did not occur 
until at least 3 to 4 days following injection of the tracer (Figs. 1, 2, 3, 5, 
and 6). There were no detectable differences between comparable subjects at 
different environmental temperatures; however, the presence of congestive 


heart failure tended to delay the development of equilibrium of distribution 
of Cl in both environments. 


Radiorubidium: It is probable that equilibrium of distribution of Rb** 
Was not established at any time during these observations and certainly not 
for the initial 7 to 11 days. This was supported by the fact that the concen- 
tration of Rb*® in the erythrocytes was increasing while that in the plasma 
was declining for the first 7 to 11 days after the injection of the tracer. No 
effect of environment or congestive heart failure could be detected in these 
concentration-time course curves of Rb**. 

Tritium: The concentration-time course of tritium in plasma and eryth- 
rocytes showed that equilibrium of distribution was established within 24 


_ *The authors wish to express their appreciation to Drs. Leon Jacobsen and George 
Okita and associates, University of Chicago School of Medicine, for the use of their laboratory 
facilities for counting the tritium samples. 
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hours. Since equilibrium oceurred in all cases before the first samples of 
blood were collected, no effect of environment or congestive heart failure could 
be noted. 

Comment: The subjects were allowed to drink water as desired and eat 
a regular diet of known electrolyte content. The daily intake of the nontracer 
material was sufficient to exceed the increased requirements produced by the 
stress of the hot and humid environment so that the influence of the environ- 
ment was not made evident in the rate of development of equilibrium of dis- 
tribution of Cl, Rb**, and H*. Had the intake of nontracer materials been 
inadequate to meet these increased demands with resultant functional seques- 
tration of electrolyte compartments in the body, then impairment of the devel- 
opment of a state of equilibrium of distribution might have been expected. 
Congestive heart failure, on the other hand, with impairment of the steady 
state of metabolism for Cl°*, Rb**, and H*® might be expected to interfere with 
equilibrium of distribution. This was evident for Cl** only. 


Cool 


Concentration (CPM/cc.) 


10 
Days 
Fig. 1—Biologic decay rates of Rb”, CF, and H*® in Subject 5 with congestive heart 
failure. The concentration-time course curves are shown for Rb in the erythrocytes and 
serum, Cl in the serum, and H® in serum in that order from above downward. The ordinate 
is logarithmic in this and subsequent figures. The numerical value of concentration of these 
radioisotopes is not shown since only the rate of decline in concentration is considered. The 
vertical line indicates the day of study on which the environment was changed. 
Since Rb* entered the potassium metabolic pool in the body, the isotope 
| 
became predominantly intracellular. Therefore, unless the hot and humid 
environment or congestive heart failure caused sufficient alterations in the 
‘ate of the metabolic processes of K*’ in cells, the environmental conditions 
would not be expected to modify the rate with which equilibrium of distribution 
of Rb** was approached. The slow rate of exchange of some of the cellular com- 
partments is in the time required for the ‘concentration of the to 
reach a maximum level in the erythrocytes. The importance of the slow rate 
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of uptake as well as the lag in release of intracellular electrolyte back into 
the plasma in estimating the time of equilibrium of distribution has been 
previously indicated.*"" As long as the time course curves of ‘‘specifie activi- 
ty’’ in different compartments are not parallel, equilibrium of distribution 
cannot exist. Furthermore, lags in exchange of the tracer result in inconstant 
calculated values for space and mass with time. The dependence of the con- 
centration of Rb** in the plasma on the ‘‘feed-back’’ from cellular compart- 
ments in general is indicated by the parallel decline in concentration of Rb** 
in the plasma and erythrocytes in the latter part of these experiments (Figs. 
1 to 3). 

Tritium was studied in two compartments, plasma and erythrocytes. There 
was no difference in concentration of H* in these two compartments by the 
time the first sample of blood was withdrawn, i.e., 20 to 22 hours after in- 
jection. The concentration-time course of H* in plasma revealed a constant 
rate of decline from the first measurement throughout the duration of these 
experiments. Since there were large unmeasured extraurinary losses of water 
via skin, respiratory tract, and stool, the values of H® space show a continuing 
expansion. Therefore, a time course curve of space and mass of H.,O was not 
satisfactory for estimating the time at which equilibrium of distribution devel- 
oped. 

Numerous studies of the time required for equilibrium of distribution of 
deuterium and tritium to develop in animals have been reported.’*'" There 
is considerable evidence that equilibrium of distribution of H* develops rapidly 
in man, although very little published data are based upon experiments ex- 
tending as long as 24 hours after injection of the tracer.*°*” The rapid rate 
at which equilibrium of distribution of the isotopes of hydrogen develops in- 
dicates its distribution is primarily with the hydrogen of the water of the 
body. The exchange is slow with the other hydrogen atoms of the body.'*"'" 
“83 Tn chemical reactions involving hydrogen such as in enzymatic systems, 
there is preference for ordinary hydrogen over its two heavier isotopes.'*'* 
Ww-82, 34 35 The amount of heavy isotope involved in such chemical linkages 
is a very small portion of a single injection, probably not amounting to over 
1.5 to 2 per cent of the total dose. Since such a small amount is involved 
in slow exchanges, in both incorporation and in release from relatively stable 
chemical bonds, the effects of the isotopes are not evident in tracer studies 
of this type. 

Biologic Decay Rates——The biologic decay rates were determined as pre- 
viously deseribed.* Cy values were obtained for 5 subjects and Uy, was 
determined for 4 subjects. These parameters have the following connotations: 

Cy, represents the length of time required for the concentration of the 
tracer to decline to one-half concentration in the compartment concerned at 
any time following equilibrium of distribution. Cy, values in these experiments 
were determined for the plasma compartment for Cl“, Rb“, and H® and in 
the erythrocyte compartment for Rb. Uy, represents the length of time re- 
quired to recover one-half the administered isotope in the urine. 
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Control Subj No. / Control Subj No 2 
Cool Cool Hot 


Cumulative balance (x2) 
Balance 


(serum) 


(serum) 


Concentration 
(CPM /ce) 


(serum) 


8 


a6 
Go, te 
"89000004, 


remaining 


Days 


Fig. 2.—-Biologic decay rates of Rb”, Cl®, and H® and metabolic balance data on 2 
control subjects. The concentration-time course curves are presented as in Fig, 1 In the 
lower portion of the graph the per cent remaining in the body (not recovered in the urine) 
is expressed as a percentage of the ~ ey dose of radioisotopes. In the portion of the 
graph showing electrolyte and water balance intake is indicated by columns above the base 
line, urinary output by columns below the base line, and balance by the solid columns. When 
balance was positive, the solid column is above the base line. The ordinate value for the 
cumulative balance is twice the values for the other balance data. 
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The average values obtained for the 3 parameters are summarized in 
Table Il and in Figs. 1, 2, and 3. 


TABLE LI, THe INFLUENCE OF ENVIRONMENT ON BioLoGic Decay Rares or Rbs6, Cl6, AND 


BIOLOGIC DECAY RATES (DAYS) 


ERYTHROCYTES 


| DESCEND- | 

ING 

SUB- | ENTIRE | ENTIRE CURVE ENTIRE | ENTIRE 

| stupy | HOT | coLp | stupy | HOT COLD | ONLY* STUDY | STUDY | COLD 


14.9 15.5 28.0 338.1 18.4 36.8 86.0 4.6 
18.8 20.2 27.2 18.3 84.9 32.0 66.3 7.5 
22.8 17.9 D. 57.2 9.6 42.9 82.0 7.0 
28.0 27.5 . 37.8 175.9 18.0 22.1 53.7 6.6 
46.8 382.9 28. 16.9 6.1 16.8 36.1 7.3 


“Mean 26.2 92.8 23.0 334 134.6 54.3 30.1 64.8 6.6 


SUB- ENTIRE | | ENTIRE | | ENTIRE 

STUDY | HOT coLD STUDY | HOT coLD STUDY | HoT coLD 

31.5 34.3 2.9 «749 668 812 23.1 14.2 38.6 
21.3 32.1 14.9 68.7 78.0 59.5 16.5 22.6 12.5 
96.7t 88.6t 60.7t 57.4t 20.6 29.9 18.7+ 
17.6 53.1 17.4 
46.0¢ 38.9¢ 122.9t 87.1t 
39.2 9. 101.9 117.5 34.2 49.8 


Mean 48.9 43.1 #759 «82.1 71.3 23.6 32.0 23.3 


PER CENT RECOVERED IN URINE 
SUBJECT Rb*6 Hs 
“39.8 19.4 50.0 
55.8 21.0 65.1 
59.1 24.0 56.7 
36.0 15.8 40.0 
Mean 47.7 20.0 §3.0 


, *Calculated from that part of the concentration-time course curve which followed = the 


*This signifies figures calculated without mercury. 
tIncomplete urine collections. 


Radiochloride: The Cy, and Uy, values for chloride were less for the con- 
trol subjeets than for the subjects with congestive heart failure. There was 
no definite effeet of the two environments on these parameters for Cl*® in 
any of the subjects studied. Most of the chloride exereted by Subject 3 was 
in response to mereurial diuretics so that effects of the environment could 
have been masked (Fig. 3 and Table IT). 


Comment: The influence of the daily intake of Cl’ on biologie decay 
rates of Cl’ has been demonstrated previously.” “° When the subject is in 
a steady state, the Cy, may be estimated from the mass of stable element in the 
body and the dietary intake. In these experiments, the daily intake varied 
from 2.13 to 3.59 per cent of the average amount of stable element calculated 
to be in the body (Table I11). The predicted Cy, values for Cl’ in the plasma 
for Subjects 1, 2, 3, and 4 were 20.0, 23.2, 19.3, and 32.6 days, respectively, 


| 
2 7.0 84 
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4 5.2 9.1 
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while the observed values were 14.9, 18.8, 22.8, and 28.0 days, respectively. 
’ . 
These subjects, especially those with congestive heart failure, were not 
J 
steady state since body weight changed. 


in a 


CHF Subj No 3 CHF Subj 4 
Coo 


Intake 


Cumulative 1 


(x2) 


Cumulative balance 
Balance 


ry ee 
eq athe, 
"eas 
fae 
ee 
© H (serum) 
on 
i?) 10 20 1?) 10 20 


Days 


Biologic decay rates and metabolic balance data on 2 subjects —— congestive heart 
ailure. Manner of presentation is the same as in g. 


The Cy, values of Cl for the control subjects differed slightly from those 
with congestive heart failure. Since the daily intake of chloride was more than 
adequate to meet the demands of the hot environment, there were no signifi- 
cant differences in Cy or U, The effect of 


‘ , Values in the two environments. 
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mereurial diuretics on Uy is illustrated in Table Il. Subject 3, for example, 
excreted most of the chloride during mercurial diuresis and thus had a Uy 
value of 17.6 days when the entire study was considered and 96.7 days when 
the days of mercurial diuresis were excluded, 


TABLE IIT, RELATIONSHIP OF INTAKE TO CALCULATED MASS OF WATER, CHLORIDE, AND 
POTASSIUM 


WATER 
S,, | CALCULATED 
(0 TIME) (22 HOURS) BODY WATER* INTAKE 
|PER CENT | | PER CENT PER CENT PER CENT 
SUBJECT | L. | B.W. L, B.W. | B.W. | 22 HR. 
27.4 66.3 31.8 77.2 54.8 10.8 
28.2 40.3 28.0 40.0 37. 52.8 8. 12.2 
27.1 44.9 $1.2 51.7 49.0 9.4 
35.6 77.6 37.0 81.6 60.1 7.8 
21.3 22.1 
Mean 27.9 57. 30.1, 62.6 BALI 3.2 10.1 
*HLORIDE POTASSIUM 
M,, C136 | INTAKE M,, Rbs6 | INTAKE 
| M, | PER CENT PER CENT PER CENT 
SUBJECT | (GM.) Bw. | GM. | M, iM.) | BW. 
1 0.152 1.94 3 0.344 
72.6 
2 63.6 0.093, 1.90 0.172 
3 53.0 0.091 1.90 0.179 
88.8 0.193 1.89 0.313 


51.5 


Mean 626 0.132 2, 0.252 


Ix Ch. 


*Volume of body water calculated by the following formula: Ms 0.693 


tAverage of first 4 days. 


Radiorubidium: The Cy, and Uy values for Rb“ show no effeet of en- 
vironment nor is there any obvious relation of these parameters of Rb** to 
those of Cl (Table IL). The concentration of Rb“ in the serum of all sub- 
jects varied considerably. The ratios of concentration of Rb* in the erythro- 
cytes to that in the serum are shown in Fig. 4. 

The concentration-time course curve of Rb** in the erythrocytes revealed 
an increase in concentration of Rb“ for the first 8 to 11 days of observation. 
The Cy value for the erythroeyte compartment was therefore expressed in 
two ways (Table Il): (1) the Cy 


2 


value for the descending portion of the 
concentration-time course after the peak concentration had been reached and 
(2) the Cy, value for erythrocyte compartment in which the ascending portion 
of the curve was included neglecting equilibrium of distribution. The value by 
the first method was essentially one-half as long as that by the second method. 

Comment: By definition of Cy, a state of equilibrium of distribution must 
first exist before this parameter can be measured. This state of equilibration 
probably never exists completely for an isotope of potassium or Rb‘. The 
error introduced by assuming that equilibrium of distribution was established 
is probably minimal between the fifth and twelfth days after injection® © ''; 
however, the magnitude of the error is unknown. 


2.55 2.07 

if 
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Since the Cy, value for Rb* based upon the entire concentration-time 

course curve in the erythrocytes was approximately twice that based upon 

the descending portion alone, the rate of exchange of Rb™ between erythro- 

cytes and plasma must have remained essentially constant throughout the 

entire observation. Furthermore, when considering exposure of a_ specific 

compartment to the radiations of a radioactive element, the Cy, value derived 

from the entire concentration-time course curve of that compartment must be 
utilized, 


CHF Subj. No. 


x 
3 


Rotio 


Fig. 4.—Time course of the ratios of K® in the erythrocytes to that in the serum, and 
the ratios of Kb™ in the erythrocytes to that in the serum in each of the 5 patients. In only 
one subject (C.H.F, Subject 3) was there a prolonged lag in the time required for the ratio 


of Rb™ to approach the value of the ratio of K®. 


The concentration of Rb* in plasma depends principally upon the rates 
with which various tissues take up and release Rb. Since the rate of decline 
in concentrations of Rb*® in the plasma was quite similar to that for the de- 
seending portion of the concentration-time course curve in the erythrocytes, it 
is apparent that the concentration in the plasma is dependent on release of 
Rb from organs. Furthermore, since only about 15 to 24 per cent of the 
injeeted Rb* was recovered in the urine and the Cy of plasma and erythro- 
¢yte compartments were similar and the ratios of Rb** and K* in the eryth- 
roeyte and that in the plasma were similar (Fig. 4), it is probable that 
the erythrocyte compartment reflects the kaliokinetie phenomena of the large 
cellular compartment of the body. The metabolie processes, which are con- 
cerned with exchange of Rb* and potassium between the plasma and cells, 
were not influenced by the eclimatie conditions of this study. 
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The influence of intake of the stable element, K*°, on the biologie decay 
rate of Rb* is shown in Tables II and III. Since the ingested K** does not 
equilibrate quickly with the K*® and Rb** of the entire body before excretion, 
the effect of varying intake of K** on biologic decay rates would not be as pre- 
dictable as for a substance which equilibrates more quickly such as chloride 
or water. Nevertheless, increase in intake of potassium reduced the Cy values 
of Rb**.* In the subjects whose average daily intake of potassium was a 
greater percentage of the caleulated potassium mass in the body, a shorter 
time would have been required to recover one-half of the injected Rb“ in the 
urine (Tables If and IIL). The administration of mereurial diureties had 
little effect on urinary exeretion of Rb, 


Tritium: The biologie decay rates of tritium are shown in Figs. 1 to 3 
and in Table Il. There were no significant differences in Cy, values among 4 
of the 5 subjects studied; however, one control subject had a small Cy value. 
There was no consistent effect of environmental temperature on these values. 
The decay in concentration of tritium was remarkably constant throughout 
the observations. The time course of the per cent of the tracer remaining 
showed a decrease in slope toward the end of the experiments (Figs. 2 and 3), 
a behavior expected because of unmeasured extraurinary losses of tritium. 


Comment: The values of Uy were larger than those for Cy because of 


M 


extraurinary losses of water and tritium. Therefore, the Cy, value was a better 
index of water turnover than U,,. All subjects were allowed water as desired. 
Although no purposeful water loading was attempted in these studies, Control 
Subject 1 had a very large daily intake of water and maintained a water 
diuresis throughout the study. The smallest Cy, value was obtained in this 
subject. The effeet of intake of the nontracer water on biologie decay rates 
of H® would be expected as in the case of any isotope with which the ingested 
stable substance reaches a state of equilibrium of distribution in the body.® ** 

The progressive decrease in the slope of the time course of the per cent 
of H*® remaining in the body (not recovered in urine) could be due to fixation 
of H* in stable positions in the tissues. The amount of tritium which would 
be expected to be bound in such stable chemical states would be very small 
during the course of the present studies, and would probably be within the 
small error of radioassay of H*. Observations on animals'*'* 
have demonstrated the eapacity of H® to be bound in stable positions and 
to lag thereafter in exchange with the hydrogen of plasma water. If such 
stable binding involved a significant percentage of the injected tritium, one 
would expect the latter part of the concentration-time course curve to show 
a slower rate of decline than the first part of the same curve since the per- 
centage of H® remaining in the body which is chemically bound would inerease 
progressively with time. In these studies, there were no apparent changes 
in the rate of decline of the concentration-time course curves in plasma (Figs. 


1,2, and 3). Although tritium traces hydrogen in the body with some ‘‘ isotope 
effects,’’ since the great mass of readily exchangeable hydrogen in the body 
is in the body water, the concentration-time course curves and biologie decay 
rates in these studies reflected turnover of body water. 


Pa 
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The effect of environmental heat on the rate of loss of water from the 
body as sensible and insensible water loss is well known. Figs. 1 to 3 and 
Table II fail to show any detectable differences between the effects of the 
hot environment and the air-conditioned ward on the biologie decay rates 
of Il’. This does not mean that heat is unimportant in water loss from the 
hody and in water turnover. Subjects 1 to 4 ingested approximately the 
same amounts of water each day in both hot and cool environments. When 
in the hot environment the deereare in volume of urine was offset by an in- 
crease in nonurinary loss of water so that water turnover, with approximately 
equal daily intake in both environments, would be expected to be the same. 
The Cy values in these observations were between the extremes reported by 
Pinson*? which reflects differences in water intake. As noted previously,® *° 
the biologie half-life of an isotope which is freely exchanging in a compart- 
ment can be shortened by increasing the intake of the nontracer substance 
in that compartment. 


Space and Mass.—Beeause of the long physical half-life of Rb*® and Cl**, 
it was possible to caleulate the time course of space and mass of chloride 
and potassium, assuming Rb traces K** adequately. Calculations of the 
time course of tritium space were not justified because of the failure to meas- 
ure nonurinary losses of H*. The water space measured by tritium dilution 
was calculated for the time of injection and for 20 to 24 hours later. In 
Subject 5, incomplete collections made calculations of the time course of space 
and mass inaccurate. 

The calculated electrolyte space and mass of the traced substance were 
defined as follows” : 


S, — calculated tracer space or volume expressed in sampled compartment 
volume equivalents at t,. This may be expressed in serum volume 
equivalents, erythrocyte volume equivalents, ete. 

= calculated tracer space at any time t. 
M, = total caleulated exchanging nontracer mass at to. 
M, = total caleulated exchanging nontracer mass at any time t. 

These values were calculated from the following equations: 


amount of isotope injected 
Ss, = 


> 


concentration of isotope in sampled compartment at t, 
amount of isotope remaining in body at time t 


concentration of isotope in sampled compartment at time t- 


M, = calculated space (S,) * concentration of nontracer in sampled com- 
partment at to. 

= ealeulated space (S;) concentration of nontracer in sampled com- 
partment at time t. 


The results are summarized in Table II] and in Figs. 5 and 6. In Table 
III, the ealeulated space and, therefore, caleulated mass of body water was 


also obtained from the following formula: M, = >o5~ where I is the daily 


intake of water. 


| 
7 
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The values for chloride mass and intake shown in Table ILI are averages 
over 20 to 25 consecutive days. Since Subject 2 was in a heavy body and leg 
cast, an accurate daily body weight was not available. Her weight was esti- 
mated to remain at 150 pounds. 

The caleulated values of potassium mass shown in Table III are averages 
of a number of daily M, values obtained after the concentration time course 
of Rb** in erythrocytes had achieved its maximal value. The days of the 
study included in these averages were as follows: Subject 1, ninth to fifteenth 
day; Subject 2, ninth to fifteenth day; Subject 3, thirteenth to twenty-sixth 
day; and Subject 4, eleventh to twentieth day. 


Tritium: The tritium space at t, and at 22 hours caleulated by dilution 
of tritium and the average mass of body water calculated from the average 
intake of water and Cy, of H* varied as much as 20 per cent in the same sub- 
ject (Table IIl). No one method of calculation gave consistently higher or 
lower values. The calculated body water varied from 54.8 to 77.2 per cent of 
body weight for Subject 1, 40.0 to 52.8 for Subject 2, 44.9 to 51.7 for Subject 
3, and 60.1 to 81.6 per cent body weight for Subject 4. 

Comment: The relatively large variations in caleulated body water based 
on tritium dilution have been encountered by others.’® **" The same vari- 
ability was found with antipyrine and deuterium.** *’** The validity of the 
dilution techniques has been checked by desiccation techniques and deter- 
mination of specific gravity of the body.** The reported wide variations 
are unreasonable. There is less water in fat than in other tissues, but it 
is difficult to explain the variations of body water from 40 to 80 per cent 
body weight on the basis of fat content alone. The average values for the 
3 methods of calculation on the 4 subjects in this series were 57.2, 62.6, and 
54.1 per cent, respectively, of body weight. The mechanism for the large 
day-to-day variations in a single individual is likewise difficult to explain. 
Subject 2 was rather obese which may explain the relatively low value for 
body water but Subject 3 was quite thin and had edema and a considerable 
amount of ascitie fluid yet the caleulated volume of body water was small. 
These variations indicate the difficulties associated with the tracer method of 
calculating space and mass of a substance in the body of man. There are very 
little data on reproducibility of body water measurements with tritium.*’ 
The extreme variability of caleulated body water which has been reported 
may in part be related to the use of a single measurement of the tritium 
content of serum at the end of several hours after the injection of the tracer. 
By extrapolating concentration time course curve based on numerous obser- 
vations obtained over 1 to 2 days back to time of injection, the variability 
associated with a single determination should be avoided. <A longer period 
of study would be satisfactory only if extrarenal losses of water were meas- 
ured, 


Chloride: The time courses of space (S;) and mass (M;) of chloride 
are shown in Figs. 5 and 6. The average daily mass expressed as per cent 
body weight, intake of Cl** in both grams and as a per cent of average 
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M, is shown in Table III. The time courses of caleulated chloride space and 
mass showed a few variations in the first 3 to 4 days but thereafter both re- 
mained fairly constant. In Control Subject 1, there was a progressive rise 
in both ealeulated space and mass. The mass increased from an initial value 
of 52.9 Gm. at 24 hours to 91.7 Gm. at the end of 22 days reflecting extra- 
renal losses of Cl°* and Cl as well as inaccuracies of such measurements. 
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Fig. 5.—Time course of calculated space and mass of K® and Cl® in 2 control subjects. 
The data on electrolyte and water balance are presented as in previous figures. The time course 
of space of Kb” (and therefore K®) was calculated from the concentration of Rb” in both the 
erythrocytes and serum, The calculated mass of K® was also calculated from the Rb” content 
of both compartments, The calculation of both space and mass of K® is based on the assump- 
tion that Rb” traces K® adequately to justify such calculations. Both space and mass of Cl* 
were calculated from the content of Cl in the serum. 


= 
+ 
Cumulative 
200 “balance 
Intoke 
No*®? eri | | ay 
4 el #1} 
| Urinery TH 
~200. 
100 
-100 U 
100 | 
(mEq) 
: 41 
4 
te 
| 
60 
ba 4 
; 2000 
1000 
| 
200 4 
4 10 20 


Volume 53 SIMULTANEOUS STUDIES OF AND Rbse 
Number 1 


There was no apparent effect of environmental temperature on the time 
course of S; and M, of chloride. The daily positive balanee of Cl®° was 
greater in the hot environment which was most probably due to unmeasured 
extraurinary losses of Cl** in sweat. 
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Fig. 6.—Time course of calculated space and mass of K® and Cl® in 2 subjects with congestive 
heart failure. The manner of presentation is the same as in Fig. 5. 


Mercurial diuresis resulted in variations in caleulated space and mass 
(Fig. 6, Subject 3). The effeets of administration of NalfCO, during the last 
3 days of the study are shown in Figs. 5 and 6. 

Comment: In general, calculated space and mass of chloride bore a di- 
rect relationship to space and mass of body water in the control subjeets and 
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those with heart failure (Table III). The average chloride space as a per 
cent of body weight was 46.1 for Subjeet 1 (37.8 for the first 5 days), 23.5 
for Subject 2, 24.5 for Subject 3, and 50.4 for Subject 4. 


Radiorubidium: The time course of caleulated space (S;) and mass (M;) 
of potassium for both erythrocyte and plasma compartments are shown in 
Figs. 5 and 6. 

The time course curves of caleulated space and mass based on the erythro- 
cyte compartment showed a decline for the first 7 to 10 days followed by a 
fairly constant value. The time course of S; and M, based on the plasma 
compartment shows rather wide daily fluctuations, although in general these 
curves were parallel to those based on the erythrocyte compartment. There 
Was no apparent effect of the hot or cool environment on these parameters 
in any of these subjects. 

In all subjects there was an expected progressive increase in the cumula- 
tive positive balance of K** due to extrarenal losses. The caleulated space 
and mass of K* varied directly with that for water and chloride. 


Comment: These studies add further to the data which show Rb** to 
trace K** fairly well in intact man.** *° There is no way to determine pre- 
cisely when equilibrium of distribution of Rb* has oceurred. However, by 
studying the major compartments of K**, such as the intracellular or erythro- 
cyte compartments, a better estimate of the mass and kinetics of the traced 
element is obtained. The plasma and extracellular compartments are rela- 
tively small and, therefore, likely to vary considerably in coneentration of 
Rb**. The general parallelism between the time course of S,; and M;, based 
upon Rb** in both erythroeyte and plasma compartments indicates the depend- 
ence of the plasma compartment on release of Rb** from the major (intra- 
ecllular) compartment. In only one patient (Subject 3) was there a long 
lag in the time required for the time course curve of M; based on plasma com- 
partment to reach the level of the curve based on erythrocyte compartment 
(Fig. 6). 

The cellular metabolic phenomena which are related to the incorporation 
of Rb and potassium into the cellular compartment were not altered by 
environmental temperature during these studies. The rates of exchange of 
Rb** between the cellular compartment and the plasma continued at the same 
rate throughout the experiment. 


DISCUSSION 


For the first time simultaneous studies of the kineties of tritium, rubid- 
ium and chloride as well as aspects of the metabolism of sodium, chloride, 
potassium, and water have been made in man under comfortable and hot 
and humid environmental conditions to which both healthy and sick people 
of many areas of the world may be subjected. These studies failed to re- 
veal any definite differences attributable to the environmental temperature 
in either the control subjects or in the patients with chronie congestive heart 
failure. In spite of this, however, except for one patient (Subject 4) they 
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were all impressed by the benefits of the comfortable environment upon their 
well-being and by the oppressiveness of the hot and humid environment. This 
was particularly true of the patient in the heavy body and leg east. The 
attendants, physicians, and investigators were likewise impressed by these 
differences. More clinical data will be published elsewhere concerning these 
reactions. That over-all differences existed and the fact that the patients 
perspired less, were more relaxed, and clinically better was evident in spite 
of the experimental data. The psychologic reactions of the patients to these 
environments are especially in need of study. 

However, in spite of these clinical differences, these detailed studies of 
metabolism of electrolytes and water failed to reveal any definite differences 
in equilibrium of distribution, biologic decay rates, or caleulated space and 
mass Of electrolytes and water. This is not surprising in view of the preeipi- 
tous decline in the urinary excretion of sodium and chloride even though 
there is measurable change in the Na or Cl coneentration in the plasma 
when a subject is placed on a low dietary intake of salt. In other words the 
regulation of any single physiologic phenomenon may be so sensitive that 
important differences in physiologic reactions can exist with immeasurable 
differences in the regulating phenomena responsible for the changes. To 
know that this is true for the metabolic and kinetie biologie phenomena of 
water and electrolytes is important. 

The greatest differences, although not too large in magnitude, were noted 
in certain aspects of renal excretory function which will be described else- 
where.” It was rather interesting that the group of subjeets under study 
drank large quantities of water each day. The intake far exceeded the needs 
for the comfortable environment and was more appropriate for the needs 
for the hot and humid environment. It is quite possible that, during the 
process of developing acclimatization as the New Orleans summer developed, 
these patients drank more and more water which became a habit to be main- 
tained for a time regardless of need. Therefore, when they entered the com- 
fortable environment they continued to drink large quantities of water by 
foree of habit rather than for physiologic requirements. Furthermore, the 
large intake of water and the resultant dinresis inhibited any manifestations 
of the environmental effects of excretion of tritium and its biologie half-life. 
Since output of HO was determined by a very high intake, mechanisms for 
conservation of H.O did not have to develop. Thus, total excretion of H’, 
regardless of the proportion in sweat and in urine, was high and fairly con- 
stant (Figs. 1 to 3). Had H.O intake been limited to minimal urinary needs 
in the neutral or comfortable environment, this intake would have been inade- 
quate in the hot environment when H.O was deviated into sweat for thermal 
regulation. 

The experiments demonstrate the possibility of employing several radio- 
active isotopes simultaneously for physiologic and pharmacologic studies over 
prolonged periods of time in intact man. The tracers were readily separated 
with accurate counting. The findings with the simultaneous studies of several 
tracers were the same as obtained previously in studies of individual isotopes 
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and, therefore, increase the series for control subjects and for patients with 
chronic congestive heart failure. The various illustrations reveal the temporal 
qualitative and quantitative relationships of the 3 tracers used and _ inter- 
relationships of physiologic adjustments involving water, chloride, and po- 
tassium. 


SUMMARY AND CONCLUSIONS 


Simultaneous studies of Cl, Rb‘, and H®* under controlled metabolic 
conditions were made in both control subjects and in patients with congestive 
heart failure. The effect of a comfortable air-conditioned ward and of a hot 
and humid environment on kinetics and metabolism of electrolytes and water 
in both groups of subjects was studied. Even though there was little meas- 
urable effect of environmental temperature on the parameters observed in 
this study, there were rather distinct differences in the effect of the environ- 
ment from a clinical standpoint. Possible reasons for the discrepancies between 
physiologic and clinical data have been discussed. 

These experiments show the feasibility of long-term metabolic studies 
using a combination of isotopes to observe extracellular and_ intracellular 
electrolyte metabolism simultaneously with studies of turnover of body water. 
Additional data on the biologie deeay rates of Rb** and Cl** have been pre- 
sented along with data on the measurement of body water with tritium. 
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STUDIES OF THE INFLUENCE OF COMFORTABLE AND HOT AND 
HUMID ENVIRONMENTS UPON THE RATE OF EXCRETION OF 
Cl, Na®*, Rb**, AND K* IN CONTROL SUBJECTS 
AND PATIENTS WITH CONGESTIVE HEART FAILURE 


G. E. Burcu, M.D.,* ano C. T. Ray, M.D.** 
New ORLEANS, La. 


*TUDIES were initiated to investigate the influence of a hot and humid hospi- 
tal environment of New Orleans during the summer upon certain phases of 
electrolyte and water metabolism in subjects with and without chronic congestive 
heart failure. Other aspects of these experiments have been described in a pre- 
ceding paper.' The hot and humid environment produced definite changes in 
the urinary exeretion of water and electrolytes associated with an increase in 
sweating in most of the subjects. Contrastingly, the comfortable air-conditioned 
yard revealed the influence of air conditioning upon renal and sweat gland 
function. 


METHODS AND MATERIALS 


Nine women were studied under controlled metabolic conditions in the two wards 
of Charity Hospital (Table I). One ward was air conditioned (mean temperature 74.4° 
F., range 80.2° maximum to 70.1° minimum) with a mean relative humidity of 73.4 per 
cent (range 90 to 60 per cent), while the environment of the other ward was hot and 
humid—the weather existing in New Orleans in July and August, 1956 (mean temperature 
83.4° F., range 94.0° maximum to 69.0° minimum), with a mean relative humidity of 80.0 
per cent (range 98 to 47 per cent). The maximum daily temperature was 90.0° F., or 
greater on 21 of the 26 days of this study. The average daily temperature recorded twice 
daily on the ward was 86.8° F. with a relative humidity of 62.0 per cent. The subjeets in 
this study spent approximately equal time in both environments. One-half of the patients 
were in the comfortable environment first and, after approximately 2 weeks, were trans- 
ferred to the other environment. At the onset of these studies 5 subjects received intra- 
venously Cl56, Rb’6, and H8OH simultaneously. 

Dietary intake of sodium, chloride, potassium, and water was recorded and the 
urinary excretion of these substances was measured. No measurements were made of the 
sweat or stools. 


Blood was collected under oil each morning, and the plasma and whole blood were 
studied separately. The following measurements were made on the plasma: sodium and 
potassium by flame photometry, chloride by the method of Schales and Schales,2 osmo- 
larity by the Fiske osmometer, creatinine by the method of Haugen, Rb*6 and Cls6 by 
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end window Geiger-Miiller counters,4 and HS with a liquid scintillation counter.* After 
laking by freezing and thawing of an aliquot of whole blood, the sodium, potassium, Rb*6, 
C16, and were measured. 

The 24-hour urine specimens, collected from 8:00 A.M. to 8:00 A.M. with toluene as the 
preservative, were studied by the above methods for sodium, choride, potassium, Rb*6, 
Cls6, H4, osmolarity, and creatinine, Urinary volume, specifie gravity, and pH were also 
determined, 

Separate radioassay of Rb*6 and Cl%6 was accomplished by counting soon after collec- 
tion of the samples and recounting the preparations 200 days later after Rb*6 had under- 
gone physieal decay, Radioassay of tritium was done on a water distillate of the biologic 
fluids which were distilled at low temperatures so that Cl°6 did not enter the distillate. 

Dietary intake of sodium, potassium, chloride, and calories was kept relatively con- 
stant, but water was allowed as desired. The subjects reeeived various drugs and 
therapeutic measures as indieated by the clinical state (Table 1). 


TABLE IL. CLINICAL DATA ON THE NINE SUBJECTS STUDIED 


| | DOSE OF ISOTOPES 
SUBJECT AGE C146 Rbse Hs 
NO. (YR.) | DIAGNOSIS |} (Mc.) (MC,) (MC,) TREATMENT 
l 16 Control; respiratory 0.026 0.631 3.749 None 
infection, convales 
cent 
2 50 Control; tuberculous 0.027 0.663 4.104 Streptomycin, sodium 
arthritis para-aminosalicylate, 
body and leg cast 
3 52 CALF. 0.020 0481 2.993 Digitalis, mereurial di 
ureties 
4 52 0.027 0.662 3.780 Digitalis, mereurial di- 
H.H.D. uretics 
5* 65 A.S.H.D., empyema, 0.026 0.642 3.852 Digitalis, thoracentesis, 
CH.F., pneumo penicillin 
thorax 
6 23 Control; sareoidosis Prednisone, 30 mg. 
daily 
7 32 Control; lung ab Penicillin, Achromycin 
scess, convalescent 
22 COAL. Digitalis, prednisone, 30 
mg. daily 
9 56 A.S.H.D., mild an Digitalis, mereurial di 
gina, C.H.F, ureties 
Key to abbreviations: KR.H.D rheumatic heart disease; C.H.F. congestive heart 
disease arteriosclerotic heart disease; H.H.D hypertensive heart disease. 


*Incomplete urine collections. 


RESULTS 

The results are summarized in Figs. 1 to 8 and in Tables II, III, and IV. 
The data are presented as follows: clearance rates; daily exeretion of chloride 
and potassium as a per cent of caleulated mass; and osmolar and free water ex- 
cretion, glomerular filtration, and renal tubular reabsorption. 


*The authors wish to express their appreciation to Drs. Leon Jacobsen and George 
Okita of the University of Chicago School of Medicine for the use of their laboratory facilities 
for counting the tritium samples. 


Volume 53 STUDIES OF H3, H,O, C156, C155, Na2s, Rbs6, AND 9] 


Number | 


Average daily clearance rates were determined 


Urinary Clearance Rates. 
for Cl, Cl, Na®*, Rb**, K°*, and H® in 4 subjects (Figs. 1 and 2) and for Cl”, 
Na**, and K** in 4 additional subjects (Figs. 3 and 4). 


Rb** and K** clearances: The qualitative and quantitative similarities of 
the clearance rates of Rb*® and K** are evident. Variations exist in rate of clear- 
ance of potassium without an equal quantitative change for Rb**, but qualitative 
differences were few (12 points of qualitative directional differences in 4 sub- 
jects) (Figs. 1 and 2). That potassium was exereted preferentially over Rb** 
is apparent from these graphs, but Rb** traced K** reasonably well, the correla- 
tion coefficient being +0.816. This is approximately the same relationship for 
excretory rates previously described.° 

The average daily rates of clearance of potassium varied widely among the 
subjects and in the same subject from time to time, the minimal rate being about 
4 ml. of plasma cleared per minute and the maximal rate about 18 ml. per min- 
ute. The magnitude of variations within each individual subjeet was almost as 
great as the variations among the subjects. There was no apparent effect of the 
clinieal state of congestive heart failure or of the two environmental conditions 
on the average rate of clearance of K*’ or Rb*’. Subject 1 had a very high rate 
of clearance on the first day in the cool environment. The intake of potassium 
was higher in Subject 8 who was given added KC] along with prednisone. The 
average rates of clearance of K** in this subject and in Subject 6, who likewise 
received prednisone, were greater than in the other subjects (Figs. 1 to 4). 

Administration of a mereurial diuretic had a variable effect on the rates of 
clearance of K*® and Rb** (Figs. 2 and 4). 

Comment: The quantitative differences in rates of clearance of K“ and Rb*° 
reflect a difference between these two isotopes which was greater for the kidney 
than for any other organ studied to date.”.* The reason for this difference in 
excretory rates is not apparent, but may be related to differences in atomic 
masses in spite of about equal sizes for the hydrated ions. 

The absolute values of clearance of K** among the various subjects, as ex- 
pected, reflected the variations in daily intake of potassium, which varied from 
52 to 79 mEq. per day in 7 subjects and was as high as 118 mEq. per day in 
the subject who received added KC]. However, the day-to-day intake of potas- 
sium varied relatively little for any given subject. Such small daily variations 
in intake in any subject were insufficient to explain the marked differences in 
daily rates of clearance of potassium. Furthermore, the change in intake and 
rate of clearance were not always directionally related. Interestingly, the clear- 
ance rates were not influenced by the environments employed. The effeets of 
prednisone on excretion and balance of potassium are shown by the negative 
balance in Subject 6. Since nonurinary losses of K*’ were not measured, the 
exact deficit of potassium in this subject was not measurable. The progressive 
increase in cumulative balance of potassium in all other subjects reflected, in 
large part, nonurinary loss. 
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Tritium clearance: The rates of clearance of H® for 4 subjects are sum- 
marized in Figs. 1 and 2. In Subjects 1 and 3, the rates of clearance were 
slightly higher in the cool environment. The various ‘‘isotope effects’’ due to 
greater atomic mass and other physical phenomena which have been ascribed to 
IL® as a tracer of H' were not reflected in the urinary clearance rates as indicated 
by the correlation coefficient of clearance of H* to water clearance of +0.969. 
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Fig. 1 Time course of urinary clearance of K®, Rb”, H®, Cl, CP*, and Na* in 2 control 
subjects. In this and all subsequent figures the balance data is shown in the upper part 
of the figure. The ordinate values for cumulative balance are twice those shown for daily 
intake, urinary output, and balance. The values for average daily urinary clearances of 
the radioisotopes and nontracer elements are shown in the lower part of the figure. Body 
weights were not obtainable on Control Subject 2 since she was in a body and leg cast. 


When mereurial diuretics and spontaneous factors increased the rates of 
clearance of Na®* and Cl, clearance of H® increased. The changes in these 
clearances varied concordantly yet they differed quantitatively. The clear- 
ance rates of H® varied from 0.5 ml. to 2.7 ml. per minute in Subject 3 as a 
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result of mereurial diuresis. The other subject with congestive heart failure 
(Subject 4+) had slightly lower rates of clearance of H* than the control subjects 
(Subjects 1 and 2). 


CHF Subj No 3 CHF Subj No4 
Hot Cool Cool Hot 
#Hg 


Intake 1 
Cumulative | 
| 

Urinary 


output 


Cumulative balance (x2) 
Balance 


60 
Body wr (kg) 
16 


Urinary clearance 
fee 


OW, 

ec’ 

\ v 


10 20 
Days 


Fig. 2.—Time course of urinary clearance of K®, Rb”, H*, Cl, Cl, and Na®™ in 2 subjects 
with congestive heart failure. See legend for Fig. 1 

Comment: The rate of urinary clearance of H* varied directly with water 
intake and inversely with the rate of nonurinary water loss. Since these pa- 
tients (Subjects 1 to 4) had little change in weight, the rate of clearance of H® 
reflected the water drinking habits of the individual. The correlation coefficient 
of +0.969 between the rates of clearance of H® and the rates of clearance of 
plasma water indicated the absence of skimming, isotope effects due to differences 
in mass of H' and H*, and the excretion of significant amounts of H° in molecular 
combinations other than in water. 

The relationship of rates of clearance of H®* to that of Cl°*®, Na**, and K*’ 
indicates that the subjects who were allowed water as desired drank sufficient 


200 
100 | 
10 
i 
-4 
50. 
asl 
| 
: 
\/ 
1 


94 BURCH AND RAY J. Lab. & Clin. Med 


January, 1959 


water to maintain approximately the same rate of free water excretion for both 
environments, 


cl’, Cl’, and Na*’ clearances: The rates of clearance of Cl** and of Cl** 
had a correlation coefficient of +0.949 (Figs. 1 and 2). This value should be 
unity, but the low levels of counts of Cl in some specimens of urine increased 
the counting error. The time course of the relationship of the rates of clearance 
of Cl to CE® is shown for 4 subjeets in Figs. 1 and 2. 


Control Subj No 6 Contro! Subj No 7 
Hot Cool Cool Hot 
intone 
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Time course of urinary clearance of K®, Cl®, and Na™ in 2 control subjects. See 
legend for Fig. 1. 


The rates of clearance of Cl and Na** were much lower than those for Rb** 
IL’, and K* (Figs. 1 to 4 and Table IL). The relationship of these rates of 
clearance to sodium and chloride balance are summarized in Figs. 1 to 4. The 
rate of clearance of sodium was approximately 75 per cent that of chloride in 
Subjects 6, 7, and 9; however, in Subject 2, the clearance of sodium was slightly 
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Number 


greater than that for chloride, and in Subject 8 the clearance of Cl was consider- 
ably greater than that for Na, these differences among subjects being related to 
intake of these electrolytes. There was no consistent effect of environment on 
these rates of clearance. The effects of mercurial diuresis on these subjects made 
the effect of environment difficult to evaluate. 
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Fig. 4.—Time course of urinary clearance of K®, CP’, and Na** in 2 
heart failure. See legend for Fig. 


2 subjects with congestive 


Comment: The well-known effects of dietary intake of sodium and chloride 
on the respective clearance rates are evident in the illustrations. In none of 
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the subjects were there any significant changes in the concentration of chloride 
and sodium in the serum. 


TaABLe IT. 


Tue Errect oF ENVIRONMENT ON URINARY CLEARANCE RATES 


| | AVERAGE DAILY 


SUBJECT AVERAGE CLEARANCES (ML./MIN.) URINE VOLUME 
No. | PERIODSTUDIED| K39 | Rbse | Clse | Cls5 | Na23 | | (ML. ) 
1 Entire study 8.13 5.55 0.30 0.32 0.26 1,87 2,592 
Hot 6.55 4.32 0.23 0.26 0.16 1.46 2,249 
Cold 9.04 6.26 0.34 0.36 0.32 2.09 2,787 


Entire study 8.42 4.73 0.36 0.37 0.55 1.24 1,790 
Hot 9.23 4.72 0.25 0.27 0.50 1.23 1,780 
Cold 7.27 4.76 0.52 0.52 0.61 1.27 1,800 


3 Entire study 9.08 4.94 0.46 0.44 0.32 1.44 2,009 
Hot 7.15 3.97 0.75 0.73 0.44 0.98 1,391 
Cold 9.91 5.36 0.34 0.32 0.28 1.64 2,273 


Entire study 5.53 2.86 0.29 0.29 0.22 0.92 1,595 
Hot 5.60 2.93 0.29 0.27 0.21 0.94 1,556 


Cold 5.42 2.75 0.29 0.31 0.24 0.90 1,651 


6 Entire study 11.72 0.45 0.34 1,640 
Hot 10.45 0.47 0.26 1,348 
Cold 12.64 0.43 0.39 1,849 


Entire study 6.42 0.38 0.28 1,591 
Hot 6.85 0.42 0.34 1,612 
Cold 0.34 0.21 


Entire study 13.71 0.78 0.41 2,164 
Hot 12.16 0.54 0.18 1,364 
Cold 14.81 0.95 0.58 


Entire study 7.94 0.54 0.38 3,855 
Hot 6.12 0.70 0.50 2,574 
Cold 9.30 0.42 0.30 3,940 


Some of the effects of the environment observed for Control Subjects 1 and 
2 might be expected on the basis of loss of sodium and chloride in sweat because 
of the hot and humid environment. The cardiovascular stress of temperature 
regulation has been indicated previously.’ Among the 4 patients with congestive 
heart failure there was only one instance where the clinical state of failure was 
influenced by the environment if this is reflected in exeretory rates. The spon- 
taneous diuresis which developed in Subject 8 on entering the cool and com- 
fortable environment may have been the result of relief from the cardiovascular 
burden of heat regulation. Like lessening the load of muscular exercise by bed 
rest, lessening the burden of body temperature regulation may have resulted in 
the diuresis. 


Urinary Excretion of Cl’ and K* as a Per Cent of Calculated Mass.—The 
mass of CL and of K* was ealeulated from tracer dilution in 4 patients and 
daily excretion was expressed as a per cent of the ‘‘ealeulated’’ masses (Table 
111). The exeretion of chloride was expressed as a per cent of average daily M, 


for the entire study whereas excretion of K* was expressed as a per cent of the 
estimated K** mass during the period of days when this value was constant. 
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Since there was a rise in caleulated M; for potassium toward the end of the ex- 
periment as a result of cellular lags in exchange of Rb*® with plasma, the period 
of relatively constant M; was selected for these calculations. 


TABLE IIT. Errect or ENVIRONMENT ON URINARY EXCRETION OF CHLORIDE AND POTASSIUM 


DAILY EXCRETION AS A PER CENT OF THE AVERAGE 
CALCULATED MASS 


SUBJECT ENTIRE | ENTIRE 
NO. STUDY HOT COLD STUDY HOT COLD 
1 2.35 1.79 2.73 1.40 1,17 1.55 
2 3.36 2.31 4.72 1.67 1.81 1.50 
3t 4.29 6.48 3.19 1.96 1.48 2.20 
4t 1.78 1.67 1.93 1.17 1.15 1.20 


*Calculated from data on Rb”. 
+Congestive heart failure. 


Chloride: The excretion of Cl® as a per cent of calculated M; for the 2 con- 
trol subjects differed considerably (Table III). Subject 1 exereted about 2 per 
cent of her Cl*® mass per day with a peak rate noted on the day of transfer into 
the cool environment. Subject 2 excreted more chloride during the exposure to 
the cool environment (average about 4 per cent) than while she was in the hot 
and humid one (average 2.5 per cent). Subject 3 with congestive heart failure 
excreted slightly less than 1 per cent of M; on the days when she did not receive 
mereurial diuretics. The profound effect of mercurials on excretion of chloride 
was demonstrated in this subject who excreted about 14 of the chloride caleulated 
to be in her body in one day of mercurial diuresis. The other patient with con- 
gestive heart failure (Subject 4) exereted about 2 per cent of M; daily while in 
the cool environment. In the hot and humid environment there was a decrease 
in excretory rate on the days when she did not receive a mercurial diuretic. 


Comment: During periods of zero balance of any electrolyte, the urinary 
excretion should represent the same per cent of caleulated M;, as does intake, 
provided there are no important extraurinary losses of these substances. The 
dietary intake of chloride was 2.7, 3.0, 3.6, and 2.1 per cent of caleulated M, for 
Subjects 1 to 4, respectively. 


Potassium: The time course of daily excretion of potassium expressed as a 
per cent of the average caleulated M, did not bear any directional relation with 
that of chloride except on the days of mereurial diuresis in Subjects 3 and 4 
(Fig. 2) and in Subject 1 on her first day in the cool environment. The average 
per cent of M, exereted per day was 1.2, 1.5, 1.9, and 1.1 for Subjects 1 to 4, 
respectively, the range being 0.6 to 3.4 per cent. The average dietary intake of 
potassium was 1.7, 2.3, 2.8, and 1.5 per cent of average calculated M, for Sub- 
jects 1 to 4, respectively. There was no effect of change in the environment on 
the rates of excretion of potassium except in Subjeet 1 (Fig. 1) who had a 
marked diuresis of K*® on being transferred from the hot and humid to the ecom- 
fortable environment. 
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Osmolar Excretion, Glomerular Filtration, and Tubular Reabsorption.— 
The data of plasma and urine osmolarity, osmolar, free and total water clearance 
rates, milliosmolar glomerular filtration rates, and endogenous creatinine clear- 
ance rates are summarized in Figs. 5, 6, 7, and 8 and Table IV. 
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Fig. 5.—Time course of urinary excretion of water in 2 control subjects. The balance 
data is presented as in Fig. 1. In addition, the osmolarity of plasma and urine, urinary 
volume, osmolar and free water clearance, and endogenous creatinine clearance and = millios- 
moles filtered are shown in the lower part of the charts. 

Plasma osmolarity changed very little throughout the entire period of ob- 
servation. Urinary osmolarity, on the other hand, showed considerable variation 
among the subjects as well as in the same subject in the two environmental 
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Fig. 6.—Time course of urinary excretio 


In Control Subjects 1 and 2 (Fig. 5) there was no difference in os- 
molarity of the urine in the two environments, while in the remaining 6 subjects 
the urine osmolarity was higher when they were in the hot and humid environ- 
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The time-course curves of average daily free water, osmolar water, and total 
water clearance rates expressed in milliliters per minute show considerable 
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subjects with congestive heart failure. 
See legend for Fig. 5. 
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variation among the 8 subjects whose urinary collections were complete. 
Subjects 1 and 9 (Figs. 5 and 8) had free water exeretion throughout the 
entire observation. 

The effect of a mereurial diuretic on free water excretion was variable. 
The response to mereurials was not influenced by administration of a diuretic 
during periods when there was either positive or negative free water clearances. 
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7.—Time course of urinary excretion of water in 2 control subjects. See legend for Fig. 5. 


Comment: The relative constancy of plasma osmolarity throughout these 
studies was to be expected with adequate electrolyte and water intake. One 
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severely ill subject in this study, not shown in these figures, became dehydrated 
in the hot and humid environment and the plasma osmolarity rose by 20 mOsm. 
per liter. 
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Fig. 8.—Time course of urinary excretion of water in 2 subjects with congestive heart failure. 
See legend for Fig. 5. 


The osmolarity of the urine in these subjects would be expected to vary ac- 
cording to the relative amounts of electrolyte and water intake which determines 
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the amount to be excreted to maintain balance. With sweating, the osmolarity 
of the urine would be expected to be greater in the hot environment than in the 
cool one. 

Free water, and thus total water excretion, reflected the difference between 
intake and nonurinary losses by respiratory tract and skin. Since these sub- 
jects were allowed water as desired, free water excretion reflected drinking 
habits, which kept two of the subjects in a state of constant water diuresis even 
in the hot and humid environment. The unusual drinking of water by Subject 9 
when in the cool environment resulted in urinary volumes of approximately 4,000 
ml. daily (Fig. 8). The remainder of the subjects had a daily water intake 
which resulted in a urinary osmolarity approximately equal to the plasma so 
that there was little free water clearance. The urine in Control Subject 6 and 


Subject 8 with heart failure was hyperosmolar to plasma with a TiLO value of 


about 0.5 ml. per minute while in the hot and humid environment. Some of the 
subjects with congestive heart failure had urine hyperosmolar to plasma before 
therapy for their failure had begun. The two subjects on prednisone had higher 
osmotie loads for urinary excretion than the other subjects as evidenced by the 
prolonged periods of high osmolar water excretion. 


Glomerular filtration rate: The average daily glomerular filtration rate was 
measured by endogenous creatinine clearances. The time courses of glomerular 
filtration rates are shown in Figs. 5, 6, 7, and 8 and Table IV. There were defi- 
nite daily variations in the same subject. These variations were not influenced 
by osmolar load, the environment, or mercurial or spontaneous diuresis nor were 
they related to magnitude of osmolar, free, or total water clearance rates. The 
average creatinine clearance was slightly higher in the cool environment (86.49 
ml./min.) than in the hot and humid one (82.98 ml./min.). There were periods 
when the reverse was true in 3 of the 8 subjects. The rates of creatinine clear- 
ance were as large in the subjects with congestive heart failure as in the normal 
control ones. In addition, the subjects with heart failure showed less change 
in glomerular filtration rate in the two environments than did the controls. 

The average rate of glomerular filtration of mOsm. per minute summarized 
in Figs. 5 to 8 and Table IV were derived from the creatinine clearance and 
the osmolarity of the plasma for the same time. The milliosmolar reabsorption 
was about 98.5 per cent of that excreted throughout the period of study. There 
was a slight increase in the milliosmoles excreted in the cool environment over 
the hot and humid one, but the difference amounted to only 49 mOsm. per day, an 
amount well within the expected loss by sweating. In each subject, the milli- 
osmolar exeretion tended to be fairly constant with larger amounts excreted 
during mereurial and spontaneous diuresis. 


Comment: Of the 4 subjects with congestive heart failure, 3 were moderately 
severe. However, since their rates of glomerular filtration were as high as those 
of the control subjects, inadequate glomerular filtration was not involved in the 
production of the clinical syndrome of congestive heart failure in these subjects. 

The daily variability of glomerular filtration rate in both control subjects 
and in the subjects with heart failure was quite impressive. This has been true 
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for all substances measured in the urine in this laboratory.® * * '° Moment-to- 
moment variations of this funetion were not obtained in these experiments as was 
done in other studies in the past. However, large day-to-day variations were 
noted even though the subjects were at bed rest and in a steady metabolic state. 
These findings indicate further the need for multiple and prolonged observations 
of renal functions in order to establish the range of normal and to assess the 
effeets of various procedures on such renal phenomena. 

The relative independence of the osmolar load exereted from osmolar filtra- 
tion is evident in these data. Adjustments to the needs of balanee of both water 
and electrolytes over a wide range of filtration rates, and under the circumstances 
of two quite different environments, must have been primarily tubular reactions. 


DISCUSSION 
These studies revealed several interesting urinary excretory phenomena. 
For example, a hot and humid summer environment produced in most of the sub- 
jects a significant inerease in extrarenal losses of water and electrolytes even 
though the subjects were at bed rest. In addition, there was an increase in 
osmolarity of the urine with a tendeney to negative free water clearance. An 
unusual voluntary intake of water developed in some people acclimatized to a 
hot and humid summer and continued while they were in the air-conditioned 
ward where extra requirements for water were not necessary. The habit of 
drinking large quantities of water appeared to us to be a manifestation of ac- 
climatizing adjustments made by some people of Louisiana to the heat and hu- 
midity of the summer. Probably with a longer period of residence in the cool 
environment the intake would have declined to the usual levels. Furthermore, 
the high intake, although adequate for the hot and humid environment and as- 
suring essentially an average normal urinary state, resulted in a dilute urine of 
large volume when continued in the cool environment. 

These experiments revealed the marked fluctuations in urinary clearance 
and exeretion of Cl*, Cl, Na**, Rb**, K**, H*®, and H.O when intake of these 
substanees and physical activities were relatively constant. These marked daily 
variations support further similar previous observations® *'° of marked fluctua- 
tions over shorter periods of time as well as for daily intervals. In view of such 
variations, it is neeessary to exercise caution when observing renal function and 
urinary excretion with only a few such measurements. 

The daily endogenous creatinine clearances recorded for 26 consecutive 
days revealed no significant differences between the time course and magnitude 
of the rates of glomerular creatinine clearance of the subjects with or without 
chronie congestive heart failure. The patients with heart failure had both re- 
missions and exacerbations in their failure during the observation period. It was 
evident from these experiments that any variations in renal function associated 
with the congestive failure were primarily tubular. Furthermore, it would like- 
wise appear that unless congestive failure is severe, glomerular filtration remains 
within normal limits, at least for these subjects with moderately severe chronic 
congestive heart failure. 
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These experiments reveal the facility with which renal function may be 
followed continuously and simultaneously with different radioactive isotopes. 
Although only 3 were employed in this study, a larger number could be used 
equally well by taking advantage of differences in rates of physical decay and 
energy and spectra of radiation. Volatilization'! and other special physical and 
chemical characteristics of the element may increase further the number which 
may be employed. There are many advantages in observing several different 
tracers simultaneously in a given animal rather than tracing each separately. 


Again, these experiments confirm physiologie data previously deseribed in 
man® with and without chronic congestive heart failure for Cl, Na®?, 
Na**, Rb**, and K** and add the simultaneously observed renal excretion of 
H°OH. These experiments add support to already existing data, thus increasing 
the validity of the findings for man as a whole. 
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THE PRESERVATION OF BLOOD FOR TRANSFUSION 
III. M&rcHANISM oF ACTION OF CONTAINERS ON RED BLoop CELLS 


Max M. Srrumia, M.D., Loutse 8S. A.B., anp ANN DuGAN, 
Bryn Mawr, Pa. 


Wirn tHe TECHNICAL ASSISTANCE OF JEAN Bentz, A.A. 


It has been shown that red cells colleeted and stored as whole blood are 
differently affected by the nature of the containers, as evidenced by in vitro tests 
and posttransfusion survival studies." * The purpose of this investigation is to 
gain information on the mechanism of this effect. 

We may consider the effect of containers on the red cells as possibly due to: 
(1) substances leached from the containers; (2) the liquid-air interface; (3) 
the water repellence and other physical properties. In the experimental work 
here presented these factors were analyzed individually. 


MATERIALS AND METHODS 


For the study of the effect of leached substances, donors were bled from the same 
venipuncture in 2 to 4 separate containers. The blood specimens were collected in ACD 
solution, formula NIH-A, at room temperature; the containers with the blood were then 
placed in an iee water bath for one-half hour and then stored at 5° C. One of the containers 
for each donor was always a standard borosilicate glass bottle, as control; a similar bottle 
contained strips of the plastic in amounts equivalent to the surface of a bag normally in con- 
tact with the blood. Whole plastic bags were also used, as controls, whenever commercially 
available (plastics C and X). 

In addition to testing the plastic material actually used in bags available commercially 
for storage of blood, samples of plastic material were obtained to test the effect of plasticizers, 
stabilizers, and mold-releasing agents. 

Plastic material EA-2158, EA-2159, and EA-2160 consisted of samples of laboratory- 
prepared polyvinyl chloride sheeting* of the following composition: 


EA-2158 EA-2159 EA-2160 
Geon 101 EP (polyvinyl chloride) 2 62 62 
Plexol 201-W (distilled DOS) 38 -= — 
Monoplex DOS —_ 38 38 
Calcium stearate — 1 
Harshaw’s 9V-1 2 


Plastic sample EA-2158 is made of polyvinyl chloride plasticized with a distilled grade of 
dioetyl sebacate: this represents a higher quality than the Monoplex DOS, a standard grade 
of plasticizer used in material EA-2159. In sample EA-2160, calcium stearate is added as a 
mold-releasing agent and Harshaw’s 9V-1 as a stabilizer, This material is a zine compound 
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mixed or associated with alkyl aryl phosphite. The zine content is 2.7 per cent. Zine as 
a stabilizer is commonly used when low toxicity is one of the properties desired and is the 
only metal present in any appreciable quantity in this plastic. Glass bottles containing the 
ACD solution and the plastie strips were sterilized with steam for 30 minutes at 121° C. 
The method for the measurement of red cells survival by tagging with Cro! and for the study 
of properties in vitro are described in a previous publication.’ 

For the study of the liquid-air interface, two plastie bags containing 75 ml. of ACD 
solution were used. With sterile technique, 37 ml. of solution was removed from each 
bag; in one, approximately 250 ml. of filtered air was introduced. A donor was bled of 
500 ml. of blood, 250 ml. being introduced directly in each of the two bags. Blood was 
stored at 5° C. for 3 weeks. 

For the study of the effect of immediate and prolonged contact blood was collected 
in containers of plastic, glass, and silicone-coated glass.* Blood was either cooled and 
stored in the same container or transferred before cooling to a container of a different 
nature as indicated in each experiment. 


RESULTS 


Effect of Substances Leached From the Containers.—The first series of ex- 
perimental studies was directed to investigate the effect on red cells of substances 
possibly leached from the plastie. Table I shows the effect of the various plasties 
on the red cells, as determined by in vitro studies. It will be noted that the addi- 
tion of plastic X, obtained from commercially available bags, and, to a lesser ex- 
tent, of plastic EA-2158 is accompanied by an increase in the amount of free 
plasma hemoglobin. <A similar effeet is noted when blood is stored in a container 
made with plastic X. Hemolysis in 0.63 per cent saline solution appears to 
progress somewhat more rapidly when plastic X is added. 


It is noted that damage to red cells, evidenced by inereased free plasma 
hemoglobin, is exerted by the plastic material with or without the presence of 
glass surfaces. The high concentration of free plasma hemoglobin occurring 
when blood is collected in unsuitable plastic has been noted previously.? Plastic 
C added to a glass bottle does not increase significantly the concentration of free 
hemoglobin. All other data reveal no significant differences. 


In subsequent experiments posttransfusion survival studies of red cells 
tagged with Cr®' were carried out simultaneously with the in vitro studies. 
Some of the plastie materials used in the first experiment were added to glass 
containers, and for each of 9 units of blood an autotransfusion and a transfusion 
in a compatible recipient were done, after a period of storage of 21 days. 

In vitro studies showed variations in the plasma hemoglobin and in the 
adenosinetriphosphate (ATP) content, suggesting that the addition of plastic 
EK A-2158 caused some damage to the red cells. Much clearer evidence of damage 
is shown by the results of posttranfusion survival of the same units of blood 
(Fig. 1). Normal posttransfusion survival was noted with the addition of 
plastie EA-2159. Similar results were obtained with plastie EA-2160, except for 
a single unit of blood. The average survival, however, of patients transfused 
with the units of blood to which plastie EA-2158 was added is definitely shorter 


*All glass containers were of borosilicate and obtained from the Wheaton Glass Com- 
pany, Vineland, N. J. Silicone 1107 was employed as obtained from Dow-Corning Corporation, 
Midland, Mich. Emulsion 35 A, obtained from the same corporation, was also used. 
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than the average span observed for the units of blood stored in bottles to which 
other plasties were added. This evidence again suggests that some substance 
with a toxic effect on the red cells has been leached out of plastie EA-2158. The 
damaging effect of some commercially available plastic bags on red cells has 
been previously reported.’ * 


AUTOTRANSFUSION 
COMPATIBLE RECIPIENT 


SURVIVAL EA- 2158 EA- 2159 EA- 2160 
100 5 AVERAGE SURVIVAL 66% AVERAGE SURVIVAL 88% AVERAGE SURVIVAL 75% 


90 


024680024 688H02 4 6 8 «0 
DAYS POST TRANSFUSION 
Vig. 1.—Posttransfusion Cr®™ radioactivity survival of red cells stored as whole blood in boro- 
silicate bottles to which various types of plastic material have been added. 

Effect of the Liquid-Air Interface.—Blood from a single donor was collected 
in two plastic bags, one containing filtered air and one collapsed; all other 
factors were similar. In Experiment | four recipients were transfused (Fig. 2). 
The 24-hour posttransfusion survival of radioactivity of Cr°'-tagged red cells 
collected and stored in bags with the liquid-air interface was 68 per cent; in 
the control series where blood was colleeted without liquid-air interface, the 
survival was 67 per cent. 

In the second experiment (Fig. 2) two recipients were used; at 24 hours 
posttransfusion the radioaetivity survival of red cells collected and stored with 
the air-liquid interface was 85 per cent; identical survival was noted for the red 
cells collected and stored without the air-liquid interface. 
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In another experiment shaking was added to intensify the effects of the 
liquid-air interface in the presence of wettable and water repelling surfaces. 
# Blood (500 ml.) was collected from young, healthy donors into a plastie bag 
containing 75 ml. of ACD solution. The collection was made through plastic 
tubing, at room temperature and with hand mixing. In each case, immediately 
after collection, 250 ml. of blood was transferred to a standard glass donor 
bottle by gravity. The plastic bag was then placed in a rigid container and 
partially filled with air. Thus, the liquid-air interface and the resiliency factors 
were practically eliminated, and the only remaining variable was the material 
of the container. 


% 
SURVIVAL 
100 5 
EXP. | 
© CONTROL 
AIR-LIQUID INTERFACE 
EXP. 2 


CONTROL 
iy * AIR-LIQUID INTERFACE 


, DAYS POST TRANSFUSION 
2.—Posttransfusion Cr™ radioactivity survival of red cells stored as whole blood in 


Fig. 
| nga bags with air-liquid interface and in control plastic bags without the air-liquid inter- 
ace 


Shaking was carried out on a mechanical agitator for about one hour, at 
i the following intervals of time: (1) immediately after collection; (2) on the 
: tenth day of storage; (3) after 20 to 22 days of storage, immediately before 
transfusion. 
All blood specimens were stored for 20 to 22 days and the red cells were 
tagged with Cr®' before transfusion. 
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In vitro studies, immediately before transfusion, ineluded plasma hemo- 
globin concentration, hemolysis of red cells in 0.63 per eent NaCl solution, A.T.P. 
content and mean corpuscular volume of red cells, dextrose and lactic acid con- 
centration, and pH of plasma. No differences were found in any of the results 
which can be attributed to shaking or to the type of container in which the blood 
specimens were colleeted and stored for 20 to 22 days (Table II). 

The results of the posttransfusion survival of red cells show that shaking 
of blood damages the red cells; no significant difference was found between the 
survival of red cells shaken in the two types of container (see Table IIT). 


Survivan or Rapioactivity or Rep CELLS COLLECTED IN GLASS AND PLASTIC 
CONTAINERS, With Liquip-AIR INTERFACE, SHAKEN AT DIFFERENT INTERVALS OF TIME, 
AND TRANSFUSED AFTER A STORAGE OF 20 TO 22 Days 


PLASTIC CONTAINERS 


| PER CENT 


GLASS CONTAINERS 


| PER CENT 


RADIOACTIVITY | RADIOACTIVITY 

| DAYS OF 24 HR. POST- DAYS OF | 24 HR, PosT- 

TIME OF SHAKING | STORAGE TRANSFUSION STORAGE | TRANSFUSION 
Immediately after collection 84 21 78 
22 83 21 76 
= 74 21 75 
Average 80 j 76 
At 10 days after collection 22 69 2] 73 
a3 71 21 69 


73 

69 

Average 71 71 

At 20 to 22 days after collection 21 71 20 70 
and immediately before trans- 2 67 20 70 
fusion 22 76 21 75 


Average 72 7 


Controls, not shaken, collected and stored in the same container E , 


PLASTIC CONTAINERS | GLASS BOTTLES 
21 89 21 “63 
21 86 21 65 
21 84 22 93 
21 72 22 80 
21 87 20 70 
21 83 21 67 
21 93 21 53 
21 94 21 57 
21 82 

21 82 


Average 


Effect of Water Repellence and Other Physical Properties.—There has been 
much speculation concerning the effect of wettable and water-repellent surfaces on 
red cells, probably suggested by the effect noted on platelets. The improved 
preservation of red cells stored in plastic containers has been attributed to the 
water repelling properties of plastic.° The results of the experiments previously 
reported on the effect of the liquid-air interface east much doubt on the validity 
of this hypothesis. Agitation of blood in plastie and glass containers resulted in 
similar changes. More specific studies were carried out to determine the effect 
of wettable and water-repellent surfaces on red cells taking in consideration 
possible immediate effeet and the effect of prolonged contact. 
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In the first experiment blood from 44 normal young men was collected with 
ACD solution as follows: in plain glass containers, 19 subjects; in silicone- 
coated glass containers, 14 subjects; and in plastic containers, 11 subjects. The 
blood specimens, about 30 ml. each, were immediately tagged with Cr*' and auto- 
transfused within one hour of collection. The results of study of posttransfusion 
survival are shown in Table IV. No significant difference is shown attributable 
to the immediate effect on red cells of the 3 types of containers; the mean sur- 
vival at 24 hours posttransfusion for the 3 types being similar. 
TABLE LV. Errect OF IMMEDIATE ContTaAcT WitH Vakious TYPES OF SURFACES ON THE 


POSTTRANSFUSION SURVIVAL OF RADIOACTIVITY OF CR5! TAGGED Rep CELLS, AUTO 
TRANSFUSED WITHIN ONE Hour OF COLLLECTION 


| PER CENT SURVIVAL OF CR®! RADIOACTIVITY 


TYPE OF CONTAINER } 24 HR. POSTTRANSFUSION MEAN 
Borosilicate glass containers 99, 97, 97, 97, 96, 95, 94, 94, 94, 94, 94, 94, 93 
92, 90, 90, 89, 89, 89, 87 
Silicone-coated glass containers 95, 95, 94, 94, 94, 93, 93, 92, 92, 92, 89, 89, 92 
88, 87 

Plastic containers 99, 96, 95, 95, 94, 94, 94, 92, 90, 89, 89 93 
Mean of 44 values = 93 
Standard deviation = 3.1 


The effect of prolonged contact of red cells with different types of containers 
was studied in two groups in the following manner. 

1. Blood was collected in plastie containers and immediately transferred to 
plain borosilicate bottles. In these experiments there were 3 donors and 3 trans- 
fusions, of which 2 were autotransfusions. The blood was stored from 21 to 22 
days. 

2. Blood was collected in glass bottles and immediately transferred to 
plastic bags. In this experiment 3 donors were used and the blood was auto- 
transfused after 20 to 23 days of storage. In all instances, both donors and 
recipients were normal young men. 

The results of posttransfusion survival studies are shown in Fig. 3. The 
blood collected in plastie containers and stored in glass containers shows a sur- 
vival similar to the average obtained in 8 control units of normal blood collected 
and stored in glass containers for 21 days. The blood collected in glass con- 
tainers and stored in plastic containers shows a survival similar to that obtained 
in 10 control units of normal blood collected and stored in plastie containers for 
21 days. 

Six units of blood from normal young men were collected in glass containers 
coated with silicone. The blood was stored in the same containers for 21 to 22 
days; 4 units were autotransfused and 2 units were transfused in a compatible 
recipient. 

The results are shown in Fig. 4. The average survival at 24 hours post- 
transfusion is 78 per cent, definitely higher than the average of a control group 
of 8 experiments using blood collected and stored in plain glass bottles for the 
same length of time. The survival values vary considerably in the 6 observa- 
tions—from 68 to 92 per cent. The result with silicone-coated glass surfaces 
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does not appear to be as good as the result obtained with the best types of plastic 
containers, which, at various times, have given a 24-hour posttransfusion sur- 
vival of 84 to 87 per cent for red cells stored for 21 days. 


DISCUSSION AND SUMMARY 


Experimental evidence has been presented supporting the view that certain 
materials employed in the preparation of plastie containers for collection and 
storage of blood exert a toxie effect on the red cells. So far, polyvinyl chloride 
has been the only material used for the manufacture of containers for collection 
and storage of blood. Even high-grade polyvinyl chloride plasticized with a 
distilled grade of diocty] sebacate may exert a toxie effect on red cells. This 
toxie effect may be eliminated when the basie plastic is compounded by the 
addition of a proper stabilizer, such as one containing zine. Some plastic 
materials exert a toxie effect on red cells even after compounding with a 
stabilizer. 

It has also been shown that the harmful effeet of the plastic material is due 
to leachable substance or substances; this unfavorable effect on red cells may be 
detected by in vitro studies. These in vitro studies are recommended as screen- 
ing tests for the evaluation of plastic materials intended for use in the manu- 
facturing of containers for collection and storage of blood. In vivo studies, 
however, should always be used before releasing the containers for clinical use. 

The improvement which is noted on the red cell preservation when blood is 
stored in glass containers treated with silicone would indicate that glass con- 
tainers also release substances toxie to the red cells. When blood is collected in 
glass bottles containing ACD solution and the blood is removed from the bottle 
immediately after collection and transferred to a plastic container for storage, the 
properties of the ACD blood are similar to those of blood collected and stored in 
a plastic container. This indicates that the toxic material released by the glass 
is not pre-existent in the anticoagulant, but is formed from the interaction of 
citrated blood and container as the storage progresses. This phenomenon is 
probably related to the solubility of siliea. At pH 5 of the ACD solution, silica 
is practically insoluble. At pH 6.2, the solubility of silica is 0.2 parts per million. 
At pH 7 of the ACD blood at time of collection, the solubility is 2 parts per 
million.® It is probable that silicates leaching out from the glass during storage 
of blood are responsible for the damage to red cells, reducing their posttrans- 

fusion survival. <A similar conclusion applies to the effeet of plastic material : 
the toxie effect manifests itself only on prolonged contact during storage. 

It has been shown that the presence of the liquid-air interface does not in- 
fluence the:in vitro properties and the posttransfusion survival of red cells. No 
evidence has been found supporting the view that the surface properties of 
plastics have a causative relationship with the improved preservation of blood 
stored in some plastic containers. Particularly suggestive are the results of 
shaking of red cells in the presence of wettable and nonwettable surfaces, 

represented, respectively, by glass and plastie surfaces. This experiment shows 
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that shaking of blood immediately after collection is significantly less damaging 
to red cells than when done after a period of storage. This observation con- 
demns the common practice of transporting blood after a period of storage. 

The 24-hour posttransfusion survival of blood colleeted and stored in glass 
containers for 21 days has varied in experiments conducted at various times 
over a period of years from a mean of 69 to a mean of 74 per cent. These 
differences in results may be attributed to changes in the glass, probably due to 
reuse of the containers. Similar variations have been noted in the posttrans- 
fusion survival of blood collected and stored in glass containers coated with 
silicone: these variations may be due to our inability to obtain a constant and 
uniform coating of the glass surfaces, 


CONCLUSION 


The variable toxie effects noted on blood stored in glass and plastie con- 
tainers is attributable to substances leached from the material of which the con- 
tainers are made, either glass or plastic. 


REFERENCES 


a. Wall, R. L., Shinowara, G., Bouroncle, B., deLeeuw, N. K. M., and Doan, C. A.: An 
Evaluation of the Preservation of Human Blood Stored in Experimental Plastic 
Containers. IL. In Vitro Studies, J. Las. & CLiIn. Mep. 42: 665, 1953. 

b. Wall, R. L., Buckley, N. M., and Doan C. A.: An Evaluation of the Preservation of 
Human Blood Stored in Experimental Plastic Containers. Il. In Vivo Studies, 
J. Las. & CLIN, Mep, 42: 674, 1953. 

. Strumia, M. M., Colwell, L. 8, and Ellenberger, K.: The 
Transfusion. 
46: 225, 1955. 

3. Strumia, M. M., Taylor, L., Sample, A. B., Colwell, L. 8., and Dugan, Ann: Uses and 
Limitations of Survival Studies of Erythrocytes Tagged With Cr51, Blood 10: 429, 

1955. 

1. Gardner, F. H., Howell, D., and Hirseh, E. O.: Platelet Transfusions Utilizing Plastic 
Equipment, J. Las, & CLiIn. Mep, 43: 196, 1954. 


Preservation of Blood for 
I. The Effect of Plastic Containers on Red Cells, J. Las. & CLIN. MEb. 


5. Gibson, J. G., Il, Murphy, W. P., Jr., Secheitlin, W. A., and Searle, B. R.: The Influence 
of Extracellular Factors Involved in the Collection of Blood in ACD on Maintenance 
of Red Cell Viability During Refrigerated Storage, Am. J. Clin. Path. 26: 855, 1956. 
6. Noll, C. A., and Maguire, J. J.: 


Effect of Containers on Soluble Silica Content of Water 
Samples, Indust. & Engin, Chem, (Anal. Ed.) 14: 569, 1942, 


a 
7 
3 


IN VITRO STUDIES ON THE PRESERVATION OF MARROW CELLS 
IN GLYCEROL AT LOW TEMPERATURES 


Harry L. Locurr, Jr., M.D.,* Josepa W. Ferreser, M.D., ano E. DoNNALL 
Tuomas, M.D. 
Cooperstown, N. Y. 
With THE TECHNICAL ASSISTANCE OF LYLE Norton, MARION WALES, AND 
Dorotuy THOMAS 


N LOWER animals, intravenous administration of marrow cells from hema- 

tologieally normal donors will repopulate the marrow spaces and induce 
recovery after otherwise lethal exposure to ionizing radiation.* In man, 
marrow from fetal and adult cadavers and from biopsy and surgical specimens 
has been administered without untoward event and, at times, has seemed to be 
of benefit to patients receiving large doses of total-body radiation.® 

The large quantities of normal marrow required by clinical studies may be 
obtained by prompt sterile dissection of hematologically normal cadavers.* 
Since suitable cadavers are not always available at the particular time when 
marrow is needed, some method for preserving marrow is desirable. Suecessful 
preservation allows time for testing sterility, viability, and compatibility in 
homologous transfers and is essential when autologous marrow is used in 
patients receiving extensive radiotherapy or chemotherapy. 

It has been shown that mouse marrow retains its viability at 4° C. for only 
3 to 5 days’ and for only about two weeks in tissue culture... Hematopoietic 
tissue of the mouse*"! and rabbit’? have been preserved for long periods by 
freezing in glycerol to —-79° C. In these studies on rodents, evidence of cell 
viability after preservation is obtained by demonstrating that intravenous 
administration of the preserved material prevents death after an otherwise 
lethal dose of radiation. In vivo assay of this type is not often practical in 
man, though it has been accomplished in at least one instance.’ In vitro test- 
ing, therefore, must be used to provide preliminary information about preserva- 
tion procedures applied to human marrow. 

This report deseribes in vitro studies of the effects of glycerol and freezing 
on human and rabbit marrow cells. Cell counts, morphology, motility, dye 
permeability, and desoxyribonucleic acid (DNA) synthesis have all been used 
as criteria of preservation and viability. Beeause the synthesis of DNA is a 
necessary preliminary to cell division, measurement of the rate of its synthesis 
has particular value as an indicator of proliferative ability." 
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MATERIALS AND METHODS 

Human marrow was expressed from ribs obtained at surgery or from postmortem dis- 
sections performed within 1 to 3 hours of death. From 0.5 to 2.5 billion nucleated cells 
were obtained from each rib. Rabbit marrow was obtained from healthy young adult 
animals. The marrow was suspended in 5 per cent autologous serum or human albumin in 
balanced salt solution (Hanks’ solution)* and was passed through stainless steel screens to 
break up marrow particles..4 The suspension was centrifuged at 200 g for 10 minutes, 
the supernatant fat and liquid were discarded, and the sedimented cells were resuspended 
in serum adjusted to a pH of 7.6 or tissue culture media and glycerol-saline as indicated 
in the individual experiments. One to five milliliter aliquots containing 10 to 100 million 
nucleated cells were pipetted into 10 ml. siliconed vials for assessment of freezing procedures. 

Freezing was usually carried out by placing the vials in air at -20° C. for 25 minutes. 
Vials were then transferred to a dry beaker floating in a Dry Ice and alcohol bath at —79° C. 
for 15 minutes. The frozen vials were then stored at Dry Ice temperature, —-79° C. This 
method of ‘‘slow’’ freezing was found to produce a temperature curve approximating the 
curve described by Barnes and Loutit,® i.e., 1 degree per minute to —15° C., then 2 degrees 
per minute to —70° C. ‘*Rapid’’ freezing was achieved by immersing the vials in a Dry 
lee and alcohol mixture and rotating them until freezing was completed. Thawing was 
carried out rapidly in a 37.5° C, water bath, and glycerol was removed by a modification 
of the technique recommended by Sloviter.5 This consisted of adding one-half volume of 
35 per cent glucose in water to the cell suspension. One volume of saline was then added, 
followed by another volume of saline 5 minutes later, total dilution being 1 to 6. This 
diluted suspension was centrifuged at 200 g for 10 minutes and the supernatant discarded. 
The cells were resuspended in a 50 per cent serum and Hanks’ solution and incubated for 
one hour in the presence of C4-formate, The incorporation of labeled formate into the 
thymine of DNA was determined as previously described.13 Control aliquots of marrow 
not exposed to glycerol or freezing were similarly incubated as soon as possible after 
removal from the body in order to obtain a base-line measurement of normal activity. 

Cell counting was performed under the phase microscope using 5 per cent albumin 
in Hanks’ as the diluting fluid. Motility was observed under the phase microscope. Smears 
were made on cover slips from suspensions of the marrow in 5 per cent albumin in saline. 
On a number of occasions viability was assayed by the method of Schreck16 using eosin. 
Samples considered nonviable by eosin staining were nonviable by other tests. However, 
some samples considered viable by the eosin technique were inactive when tested for DNA 
synthesis, 


RESULTS 

The Effect of Freezing in Glycerol on Cell Counts, Motility, and Mor- 
phology.—Marrow cells exposed to glycerol and freezing have been found to be 
extremely fragile. Initially it was found that after removal of the glycerol 
the cells tended to stick together in tenacious, stringy aggregates, making cell 
counts and morphologic observations impossible. After a few cells are disrupted 
by manipulation or preservation procedures, a sticky material appears in the 
suspending medium. This material presumably is DNA.’ Formation of cell 
aggregates in this viseous material is prevented by adding recrystallized 
desoxyribonucleaset to the suspending medium in a concentration of 0.01 mg. 
per milliliter. This purified desoxyribonuclease was found not to inhibit DNA 


*Sodium chloride 8.0 Gim., potassium chloride 0.4 Gm., magnesium sulfate 0.2 Gm., calcium 
chloride 0.14 Gim., sodium phosphate 0.06 Gm., potassium phosphate 0.06 Gm., and glucose 2.0 
Gim, Sufficient distilled water to make 1 liter; pH is adjusted to 7.6 with 0.3 N sodium 
hydroxide. 


*Worthington Biochemical Laboratory, Freehold, N. J. 
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synthesis by marrow cells even in concentrations of 1 mg. per milliliter. Vari- 
dase* was found to inhibit DNA synthesis in concentrations of as little as 0.001 
mg. per milliliter. 

After freezing in glycerol and thawing, marrow cells were found to be 
easily destroyed by the usual counting procedure. Exposure to 3 per cent 
acetic acid resulted in cell lysis or the formation of clumps that made counting 
impossible. Cells ineubated in vitro for one or more hours at 37° C. (Table T) 


TABLE I. THe Errect or THE DILUTING FLUID ON CounTS oF HUMAN MARROW CELLS 
EXPOSED TO GLYCEROL AND FREEZING 


, NUCLEATED CELL COUNTS 
3% acetic acid 27,750 24,100 23,800 
5% albumin in Hank’s solution 22,330 22,430 21,333 
Glycerol and Freezing 
3% acetic acid 25,650 8,500 6,600 
5% albumin in Hank’s solution 21,133 20,367 _ 20,333 


DILUTING FLUID 


are readily destroyed by ordinary counting procedures using 3 per cent acetic 
acid. Initially this phenomenon gave rise to the erroneous impression that 
cells were being destroyed by the preservation procedure. Five per cent al- 
bumin in Hanks’ solution, therefore, was used as the diluting fluid, and counts 
were made under the phase microscope. It was then found that over 90 per 
cent of the nucleated marrow cells survived the glycerol and low-temperature 
freezing procedure. 

The exaggerated mechanical fragility of preserved cells was also trouble- 
some in making smears. Careful cover slip smears uniformly demonstrated 
smashing of the majority of the cells. When the smears were made using cells 
suspended in 5 per cent albumin in saline as deseribed by Berenbaum,'* it was 
found that the cells were morphologically normal (Fig. 1). 

Marrow cells subjected to the glycerol and low-temperature procedure, and 
subsequently protected against mechanical trauma and clumping by desoxy- 
ribonuclease, were found under the phase microscope to be normal morpho- 
logically. They exhibited motility of approximately the same degree as the 
control preparations. 

The Effect of *‘Thermal Shock’’ and Storage Temperature on DNA Syn- 
thesis.—In studies on the preservation of bull semen,'® sudden chilling has been 
found to be lethal. Fig. 2 illustrates an experiment designed to determine if 
sudden chilling to 0° C. is also detrimental to marrow cells. Only slight 
inhibition of DNA synthesis was observed in aliquots of human marrow exposed 
to a single sudden chilling, but repeated chilling depressed DNA _ synthesis 
appreciably. It appears that marrow cells should not be exposed to frequent 
changes of temperature during in vitro manipulations. 

Human marrow and rabbit marrow, suspended in 5 per cent homologous 
serum-Hanks’ solution and stored at 4° C., maintain normal ability to synthesize 


*Streptokinase-streptodornase, Lederle Laboratories, Pearl River, N. Y. 
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DNA for approximately 24 hours. Viability is rapidly lost at room tempera- 
ture, at 37° C., and on storage at 4° C. in acid citrate dextrose solution 
(Formula A, U.S.P.). 


. 1—Human marrow after exposure to glycerol and freezing. Wright's stain (Magnifica- 
tion «560; reduced 4). 
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Fig. 2.—The effect of sudden chilling on DNA synthesis by human marrow cells. 


The Effect of Glycerol on DNA Synthesis.—Fig. 3 illustrates an experiment 
designed to determine the effect of glycerol on the ability of marrow cells to 
synthesize DNA in vitro. It can be seen that all concentrations of glycerol in 


| a” rer) a 
AL 
Alte 


a % PRESERVATION OF MARROW CELLS 121 
umber 


excess of 2.5 per cent depressed DNA synthesis. This experiment indicates the 
necessity of removing glycerol from cells before measuring DNA synthesis. 

In 4 experiments (Table I1) the ability of marrow cells to synthesize DNA 
after exposure to 15 per cent glycerol without freezing was determined and 
compared with similar cells after exposure to both freezing and glycerol. It 
is apparent that much of the trauma of the preservation procedure is due to 
the exposure to glycerol. 
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Fig. 3.--The effect of glycerol concentration on DNA synthesis by rabbit marrow. 


TABLE Il. A COMPARISON OF THE Errect OF GLYCEROL ALONE AND GLYCEROL PLUS FREEZING 
ON THE SYNTHESIS OF DNA By MARROW CELLS (PER CENT OF CONTROL) 
| GLYCEROL GLYCEROL AND FREEZING 
MARROW SOURCE | (PER CENT) (PER CENT) 
Human 40 
Human 2 53 


Human H 28 
Rabbit 49 


The Effect of Glycerol and Freezing on DNA Synthesis.—Qlycerol low- 
temperature preservation of the ability of marrow cells to synthesize DNA is 
illustrated in Fig. 4, showing data from 11 experiments on human marrow and 
7 experiments on rabbit marrow. A wide range of degree of preservation is 
evident. 


Fig. 5 shows the results of 10 experiments in which preservation of ability 
to synthesize DNA was correlated with the percentage of erythroid cells in the 


marrow. <A close correlation between degree of preservation and percentage of 
erythroid elements is evident, indicating that DNA synthesis after glycerol 
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Fig. 4.—The ability of marrow cells to synthesize DNA after preservation in glycerol at -79° C. 
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Fig. 5.—-The correlation between the preservation of the ability to synthesize DNA and the 
percentage of erythroid elements in the marrow. 
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low-temperature preservation is preferentially maintained in erythroid cells. 
This observation may account for the variability of degree of preservation 
presented in Fig. 4. 

In 3 experiments with preserved rabbit marrow the DNA synthesis of 
cells originally suspended and frozen in 50 per cent serum-glycerol was found 
to be twofold better than that of cells that had been suspended and frozen in 
5 per cent serum-glycerol. This observation of a protective effect of high con- 
centrations of serum during freezing in glycerol has not been confirmed with 
human marrow as yet. 
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Fig. 6.—The effect of glycerol concentration and the rate of freezing on preservation of DNA 
synthesis by rabbit marrow. 


The Effect of Freezing Rate and Glycerol Concentration on Preservation of 
DNA Synthesis.—Fig. 6 illustrates one of several experiments with rabbit 
marrow designed to determine the importance of the rate of freezing and the 
concentration of glycerol on the preservation of marrow cells. There is no 
significant difference between 10 and 15 per cent glycerol, but freezing without 
glycerol results in cells ‘‘nonviable’’ in our in vitro assays. In general, ‘‘slow’’ 
freezing permits better preservation than ‘‘rapid’’ freezing, but the difference 
is barely significant over the range studied. 

The Postmortem Effect on Preservation—Table IL shows the results of 
3 experiments with rabbit marrow designed to determine the effeet of post- 
mortem autolysis on marrow cell viability and marrow cell preservation. In 
rabbit marrow a considerable decrease in ability to synthesize DNA is apparent 
after 2 hours of in situ postmortem autolysis at room temperature. As indicated 
in Table III, rabbit marrow cells subjected to the trauma of in situ postmortem 
autolysis have very limited ability to withstand the further trauma of preserva- 
tion with glycerol and low temperatures. Some evidence has been presented’ 
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to indieate that postmortem autolytie phenomena do not seriously impair DNA 
synthesis in the marrow of human eadavers. The general and specific implica- 
tion of these studies is that the sooner eadaver marrow is harvested, the better. 


Taste Til, Tue Errecr or Time Arrer DEATH ON DNA SYNTHESIS BY RABBIT MARROW 


| HOURS THYMINE (C.P.M./MM ) 

EXPERIMENT POSTMORTEM CONTROL FROZEN 
A 0 7,890 9,895 

2 839 190 

B 0 6,490 6,975 

3 1,021 649 

c 0 7,950 2,150 

3 149 15 


DISCUSSION 
The studies presented show that exposure of marrow cells to glycerol and 
subsequent removal of glycerol accounts for an appreciable fraction of the 
trauma associated with the preservation procedure of glyeerol at low tempera- 
tures. Trauma may occur when the glycerol enters the cell, during its presence 
in the cell, or during its removal from the cell. Preliminary studies of the 
importance of rates of addition or removal of glycerol have led to no significant 
improvements in the procedure. Dialysis allows slow removal of the glycerol 
but the progressive deterioration of marrow cells suspended in glycerol at 4° C. 
makes this procedure undesirable. It is possible that the removal of glycerol 
may be found unnecessary in the elinieal use of preserved marrow. Preserved 
rodent marrow can be given intravenously without removal of glycerol.  Pre- 
served mouse marrow so administered is unimpaired in its ability to induce 
recovery after lethal irradiation." 

Our data indicate a relatively small difference in viability of marrow pre- 
served by ‘‘slow’’ freezing, 1 or 2 degrees per minute, and the viability of 
marrow by ‘‘rapid’’ or shell freezing. Beeause of the small difference observed 
over this wide range, we have not investigated intermediate rates of freezing. 
Kor the present it appears preferable to follow the ‘‘slow’’ rate. However, 
close adherence to this rate does not seem essential. 

In a previous communication® we reported that human cadaver marrow 
exhibited approximately normal rates of DNA synthesis on in vitro assay after 
2 to 6 hours of in situ postmortem changes. The studies on postmortem effects 
in rabbit marrow reported here indicate that in situ postmortem changes cause 
a significant and progressive loss of ability to synthesize DNA in vitro. This 
loss is aggravated by subsequent application of preservation procedures which 
are in themselves traumatic. Henee, if useful human eadaver marrow is to 
be stored, it would appear to be important to make every effort to obtain col- 
lections as soon after death as possible. 

The data in Fig. 5, indieating that DNA synthesis in myeloid marrow is 
poorly preserved by freezing in glycerol, are disturbing. If these data are 
substantiated, they suggest that preserved marrow may be a relatively poor 
source of the myeloid elements necessary for early defense against infeetion in 
the irradiated individual. It is reassuring that rabbits protected against death 
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from lethal irradiation by preserved marrow have shown adequate regeneration 
of the myeloid elements of their marrow.'? Studies are in progress using auto- 
‘adiographs with tritium-labeled thymidine to seeure direct evidence about the 
relative effeet of preservation with glycerol at low temperatures upon the 
preservation of myeloid and erythroid marrow cells of man. 

The wide variability in the degree of preservation of human marrow and 
the generally better preservation of rabbit marrow deserve comment. The 
‘abbits studied were all young healthy animals, and their marrow was obtained 
immediately after death. The patients from whom ribs were obtained were in 
the older age group and were suffering from lung disease or heart disease. The 
proportion of myeloid cells was greater in the human marrows than in the 
‘abbit marrows. Obviously, young healthy individuals make the best marrow 
donors. The large number of marrow cells obtainable at autopsy may com- 
pensate for some potentially disadvantageous aspects of specimens obtained 
from older and debilitated patients. 

The data presented here indicate that human marrow cells can be preserved 
by freezing in glycerol at —-79° C. After subsequent thawing and removal of 
the glycerol, these marrow cells remain intact, appear morphologically normal, 
demonstrate motility, and exhibit an appreciable fraction of their original 
ability to synthesize DNA. Rodent marrow treated in comparable fashion has 
been kept for 6 weeks at —-79° C. in glycerol and serum, and this marrow, 
despite impaired ability to synthesize DNA in vitro, has shown unimpaired 
ability to proliferate and repopulate the marrow of an irradiated host.1' Much 
of the cell damage associated with the low-temperature glycerol preservation 
procedure is here demonstrated to be associated with the addition and the 
removal of glycerol. The important question is wi. ther this damage is shared 
equally by all cells. The answer would appear to be that it is not. Myeloid 
elements suffer more than erythroid. How the essential ‘‘seed’’ cells make out 
remains to be determined. For solution of this critical problem one must turn 
to autoradiographs with tritiated thymidine. With the techniques described 
here, human marrow preserved for 8 weeks has shown no progressive deteriora- 
tion. Accordingly, it seems logical to suppose that human marrow ean be kept 
indefinitely with a useful maintenance of cells capable of proliferating in an 
irradiated host. The low-temperature glycerol procedure, therefore, is being 
continued as the basis for the eurrent establishment of ‘‘banks’’ of frozen 
human marrow for autologous and homologous use. 


SUMMARY 


Recent interest in preservation of human marrow for both homologous and 
autologous use has indicated a need for evaluation of various preservation 
methods. This report describes in vitro studies of the effeets of glycerol and 
freezing on human and rabbit marrow cells. Cell counts, morphology, motility, 
dye permeability, and DNA synthesis have been used as eriteria of viability. 
When protected against mechanical and chemical trauma, and against clumping 
by the use of desoxyribonuclease, excellent morphologie preservation was 
achieved. DNA synthesis decreased after repeated chilling without freezing. 
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Glycerol inhibited DNA synthesis in vitro, and marrow cells exposed to 15 per 
cent glycerol showed moderate impairment of their ability to synthesize DNA 
after removal of the glycerol. The freezing to -79° C. of marrow cells in 15 
per cent glycerol resulted in a further moderate decrease in ability to synthe- 
size DNA. Myeloid cells appeared to suffer greater damage from the freezing 
procedure than did erythroid cells. Limited observations on the rate of freezing 
and the concentration of glycerol indicate that these factors are not of critical 
importance. An early postmortem deterioration of rabbit marrow cells was 
demonstrated. 

The data presented here indicate that human marrow cells ean be preserved 
by freezing in glycerol at -79° C. Preserved marrow has shown no further 
deterioration after 8 weeks of storage. The glycerol low-temperature method 
is the procedure employed in the current establishment of ‘‘banks’’ of frozen 
human marrow. 
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OBSERVATIONS ON THE SITE OF PRODUCTION OF CASTLE’S 
INTRINSIC FACTOR IN THE RAT 


F. J. Keunrne, M.D., A. Arenps, M.D., E. Manpema, M.D., AND 
H. O. Nrewea, M.D. 
GRONINGEN, NETHERLANDS 


N 1929, Castle demonstrated that the fundamental disturbance in pernicious 

anemia was the absence from gastrie juice of a substance, which he called 
‘‘intrinsie faector.’’ The intrinsie factor is generally believed to play an 
essential part in the physiologie mechanism of the intestinal absorption of 
vitamin B,. (see review by Castle’). 

A number of investigations has been performed on the site of production 
of the intrinsie factor, especially in the hog and in man. Recently, the rat has 
proved to be a suitable experimental animal for investigations of this kind. 
Watson and Florey? demonstrated that removal of the glandular part of the 
stomach in the rat interferes with intestinal absorption of vitamin B,., as shown 
by inereased feeal excretion of orally administered radioactive vitamin B,.. 
Extracts of the glandular part of the gastrie mucosa proved to have intrinsic 
factor activity, because on oral administration they restored vitamin B,. absorp- 
tion to normal values. Similar results have been reported by Nieweg and as- 
sociates.* In these latter experiments total gastrectomy was found to result 
in a high exeretion of orally administered Co®-vitamin B,.. Both rat gastrie 
juice and homogenates of total rat stomach wall or of the glandular part of 
the rat stomach, if administered to gastrectomized animals together with 
vitamin B,,, reduced exeretion to the values found in normal animals. 

In the biologie part of the present investigation the regional localization 
of intrinsie factor production in the rat stomach has been further studied in 
absorption experiments. First, the intestinal absorption of radioactive vitamin 
B,., as measured by fecal exeretion, was determined in rats in which different 
parts of the stomach had been separately removed. Subsequently, extracts of 
the different regions of the rat stomach wall were tested for intrinsic factor 
activity, measured as the capacity to reduce the feeal excretion of vitamin 
B,. in gastrectomized animals. 

Coneerning the cellular localization of Castle’s intrinsie faetor in the 
gastrointestinal tract, the evidence available so far is inconclusive. Jacobson‘ 
had suggested the argentaffine cells as a possible site of production. This view 
has been rejected by most investigators, because the regional distribution of 
these cells does not correspond to what is known about the occurrence of in- 
trinsie factor. Glass and co-workers’ isolated from human gastrie juice a 
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strongly acidie ‘‘glandular mucoprotein’’ secreted, according to them, by the 
mucoid neck cells and containing nearly all of the intrinsie factor activity of 
the starting material. This acidie glandular mucoprotein, in experiments of 
Crevier and Bélanger,” was shown to consist largely of sulfomucoprotein. 
This result was interpreted as indicating that 3 types of gastric cells, known 
to produce sulfomucoproteins (Bélanger’), would be responsible for intrinsic 
factor production. These cell types are: (a) the mucoid neck cells of the 
fundus glands, (b) the cells of the mucous glands in the pylorie region, and 
(ce) the cells of some few mucous glands of the cardiae-fundus transitional 
zone. This argumentation, however, was largely invaluated by subsequent work 
of Cresseri® and particularly Grasbeek.’® ™ 

Cresseri demonstrated that, in glandular mucoprotein preparations from 
hog gastrie mucosa, all of the vitamin B,, binding capacity resided in a fraction 
containing neutral polysaccharide coupled to a protein moiety; it was ecom- 
pletely absent from the acidie mucoprotein fractions. Though not conclusive, 
due to the nonspecifie character of vitamin B,, binding as such, this result 
still suggests that intrinsie factor might be contained in the neutral polysae- 
charide-protein components rather than in the acidie sulfomucoproteins. 
(iriisbeck has more recently demonstrated that intrinsie factor activity itself in 
human gastrie juice was definitely not associated with acidie glandular muco- 
protein if denaturation was avoided by immediate cooling of the freshly eol- 
lected gastric juice. In these experiments the entire intrinsie factor activity 
was recovered from a slow-moving zone in starch block electrophoresis; the 
fast-moving acidie mucoids did not show any activity. 


In the histologic part of the present investigation, two approaches to the 
problem of cellular localization of intrinsie faetor activity were tried. Seetions 
of rat gastrie mucosa were studied (1) with the periodic acid-Schiff (PAS) 
technique and (2) through autoradiography with Co °'B,.. 

The PAS technique is considered to demonstrate the presence of neutral 
polysaccharides (polyhexoses) and was chosen in view of the neutral polysae- 
charide-protein nature of Cresseri’s vitamin B,,. binding preparation. The aim 
was to investigate a possible correlation between the occurrence of PAS positive 
cells in the gastrie mucosa and the regional localization of intrinsie factor 
activity as indicated by the biologie part of the present investigation. 

The autoradiographic procedure, using Co”: °'B,,., would seem to promise 
more direct information coneerning the cellular localization of intrinsic factor 
activity through its vitamin B,. binding capacity, if at least nonspecifie vitamin 
B,. binding could be excluded. 


MATERIALS AND METHODS 


Male white rats weighing 250 to 300 grams were used in these studies. The 


radio- 
active vitamin B,, used was labeled with Co56, 57, 


Its specifie activity at the time of 
delivery varied from 2.4 to 11.7 we per microgram for the different batches. 

For the biologic experiments the animals were operated under pentobarbital sodium 
(Nembutal) anesthesia. When total gastrectomy was performed, an end-to-end anastomosis 
hetween esophagus and biseeted pylorus was made. 


Partial gastrectomies were done on the 
guidance of the macroscopic appearance of the gastric mucosal regions. The proximal part 
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of the rat stomach is covered with squamous epithelium and has a pale-gray color. In the 
distal glandular part, the fundus region ean be easily distinguished from the antrum pylori 
by its more pronounced pink aspect. In the first type of partial gastrectomy both the non- 
glandular fore-stomach and the fundus region were resected, while the pyloric region was 
left intact; in the second type the fore-stomach alone was removed. These partial gastrec- 
tomies proved to be technically more difficult than total resections; leaking of the suture line 
with subsequent peritonitis leading to death oeeurred more frequently. 

Extracts of the different parts of the rat stomach were made by the procedure of 
Watson and Florey.2 

During the absorption experiments the animals were kept in metabolie cages and given 
a stock diet and water ad libitum. They were fed a test dose of 5 mug labeled vitamin B,, in 
combination with either 0.1 ml. of saline or 0.1 ml. of an extract of stomach wall. The 
stools were collected over a 4-day period. After drying, the feces were weighed and 
ground to a fine powder. The radioactivity was measured with an end-window G.M. tube 
with a Philips P.W.40.31 electronic counter. The results were expressed as percentages of 
the test dose of labeled vitamin B,,. 

For the histologic work the animals were killed by a blow on the head. The stomach 
was immediately removed and opened along the greater curvature, stretched on a cork plate, 
and fixed in Bouin’s solution, 3 per cent formalin, or cold saturated ammonium sulfate. 
Afterward the material was trimmed so that the seetions would contain the entire length 
of the lesser curvature, including small portions of the esophagus and duodenum,’ in addi- 
tion, separate fragments of fundus mucosa were taken. 

The PAS reaction was performed on paraffin sections of material fixed in either 
Bouin’s solution or formalin; the PAS procedure of MeManus!2 was used throughout. For 
counterstaining, hematoxylin was used. 

For the autoradiographic procedure material fixed in cold saturated ammonium sulfate 
was used, This fixative was chosen because it has been widely used in the chemical isola- 
tion of intrinsic factor, without impairing its biologie activity. Frozen sections were 
incubated for 3 hours with a solution of Co56,57B,,, saturated with ammonium sulfate. 
The sections were subsequently washed in 3 portions of saturated ammonium sulfate, 
given a final short rinse of distilled water, and mounted on slides treated with gelatin- 
chromalum. These slides were either packed in contaet with radiographie dental film 
(Dozahn-Schleusner) or covered with stripping film (from Kodak autoradiographic plates 
AR 10 and AR 50). After varying periods of exposure in the cold the material was 
developed. 

The sections that had been in contact with dental film were stained with hematoxylin 
or PAS; the sections covered with stripping film were mounted unstained and viewed by 
phase-contrast microscopy. 

In addition, a number of routine techniques were used, as indicated in the text. 
RESULTS 
Absorption Studies.—In a first set of experiments the feeal excretion of 
Co* °*B,. was measured in rats in which either (a) the fore-stomach (cardiae 
region) alone or (b) the fore-stomach and the fundus region had been resected. 
Two groups of rats served as controls: normal animals and animals after total 
gastrectomy. In each experiment a single test dose of 5 mpg Co* °™B,. was 
orally administered followed by 0.1 ml. of saline. The results, presented in 
detail in Table I, ean be summarized as follows. 

After removal of the fore-stomach alone (a), 46 per cent of the vitamin 
B,. test dose was recovered in the stools (average of 6 experiments). This 
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value does not differ significantly from that of the normal controls (12 experi- 
ments), in which 36 per cent of the vitamin B,. was excreted. It proves that 
the distal parts of the stomach produce sufficient quantities of intrinsie factor 
to maintain a nearly normal intestinal absorption of vitamin By». 

Animals in which the fore-stomach and the fundus region had been re- 
sected (b) exereted an average of 70 per cent of the vitamin B,. test dose 
(6 experiments). This value compares well with the average excretion of 
77 per cent in the total gastrectomy controls (11 experiments). It means that 
the antrum pylori, being unable to promote vitamin B,, absorption, fails to 
produce significant amounts of intrinsie faetor. 


These experiments together, therefore, suggest that the fundus region is 
either the main or the only site of intrinsie factor production. 

In a second set of experiments, extracts of the fundus wall (¢) and of 
the antrum pylori (d) were tested for intrinsic factor activity, ie., for their 
capacity to restore vitamin B,,. absorption in rats in which total gastrectomy 
had been performed. A control group of gastrectomized animals was treated 
with an extract of whole stomach wall. The results of these experiments are 
also recorded in Table I. 


Taste I. Fecan Excrerion or Raprioactiviry EXPRESSED AS A PERCENTAGE OF THE TEST 
Dose or Co56,57B,, IN NoRMAL RATS AND IN Rats IN WHICH DIFFERENT TYPES OF 
GASTRECTOMIES HAVE BEEN PERFORMED 


RESECTION TOTAL GASTRECTOMY 
RESECTION OF FORE- ANTRUM 
OF FORE- STOMACH FUNDUS PYLORI WHOLE 
NORMAL STOMACH | AND FUNDUS SALINE EXTRACT EXTRACT STOMACH 
ANIMALS | (a) (b) | CONTROLS EXTRACT 
27 37 55 : 
31 37 67 
32 41 68 
32 48 68 
34 54 72 
34 58 92 
35 
36 
39 
41 
43 
48 
Mean 
36 + 5.6 46+8.2 70+11.0 


It can be seen that fundus wall extract (c) reduced the vitamin B,. 
excretion of gastrectomized rats to 51 per cent (mean of 2 experiments). This 
value corresponds well to the 48 per cent found in the control group (10 ex- 
periments) treated with whole stomach wall extract and to the values found 
in normal animals. 


In 3 experiments, in which an extract of antrum pylori was given (d), 
however, the average excretion of vitamin B,, was 82 per cent. 

Previously published experiments* already have shown that homogenates 
of fore-stomach wall lacked intrinsie factor activity under similar conditions. 
Apparently the fundus wall is the only part of the rat stomach which contains 
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intrinsie factor. The two sets of absorption experiments together, therefore, 
clearly prove that in the rat the fundus region is the site of production of 
Castle’s intrinsie factor. 

Histologic Studies.—In the PAS-treated sections of the rat gastric mucosa, 
abundant PAS-positive material was present in the surface epithelium of 
both fundus and pyloric regions. To avoid misunderstanding it may be stated 
that ‘‘surface epithelium’’ means the lining of gastrie areolae and gastric pits. 
The latter reach to nearly one-third of the mucosal thickness in the fundus, 
and to nearly two-thirds in the pylorie region. 

As the fundus was the only region exhibiting intrinsic factor activity in 
the biologie experiments described above, its histology was of particular interest. 
Here, in addition to the surface epithelium, one cell type gave a positive PAS 
reaction: the mucoid neck cells of the fundus glands. These mucoid neck cells 
were found in a distinet zone approximately corresponding to the middle third 
of the mucosal thickness in the fundus. The lower third, occupied by the 
basophilie chief cells (pepsinogen cells), did not exhibit any noticeable PAS- 
color. Both zones did, of course, contain oxyntie cells (hydrochloric acid cells) ; 
these latter cells, as usual, were somewhat more numerous in the neck cell zone. 

The eardiae region of the rat stomach is lined with nonkeratinized, strati- 
fied squamous epithelium, without any glandular structures. No PAS-reae- 
tivity was observed in this epithelium. 

The pyloric region contains the usual simple tubular glands which oecupy 
only the lower third of the mucosal thickness. These glands, although clearly 
of mucous character, gave only a very weak PAS-reaction. 

In the adjacent duodenal mucosa only the solitary goblet cells and the 
submucosal Brunner’s glands were PAS-positive, the latter only weakly. 

These results again pointed to the mucoid neck cells of the fundus glands 
as possibly being responsible for intrinsic factor production. In view of the 
strict localization zone of these cells in the fundus mucosa, it might be expected 
that an equally distinet zone of blackening would be found in the autoradio- 
graphs, that is, if mucoid neck cells did contain intrinsie factor. 

The contact autoradiographs of histologic sections ineubated with Co” °7- 
B,. gave a clear picture of the regional distribution of the radioactive mate- 
rial. This was especially the case in longitudinal sections covering the entire 
lesser curvature. In Fig. 1, the (dental film) contact autoradiograph (Fig. 
1, B) of such a section is reproduced together with its stained mother section 

(Fig. 1, A). Only one distinet region has given a definite blackening in the 
autoradiograph: the fundus region of the gastric mucosa. To the left the 
stratified squamous epithelium of the cardiae region can be seen to be entirely 
without radioactivity. The same holds for the pyloric region to the right. 
Here, only some irregular spots of blackening are present, which are partly 
due to some folds in the section. The duodenal part of the section, to the 
extreme right, also did not produce any blackening, neither in the mucosa, 
nor in the submucosal Brunner’s glands. This regional distribution of vitamin 
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B,. binding, as demonstrated autoradiographieally, completely corresponds to 
the regional localization of intrinsie factor activity as shown by the absorption 
experiments described above. 


B. 


Fig. 1.—Longicudinal section of rat stomach along the small curvature; incubated with 
Co™ “Bye, <A, Mother section stained with hematoxylin. he arrows point to transitions of 
cardia (C) to fundus (F), fundus to antrum pylori (AP), and antrum pylori to duodenum 
(D), respectively. 8B, Dental film contact autoradiograph; exposure 24% days. Vitamin By 
binding is oniy found in the fundus region. 

More detailed information concerning the localization of the vitamin B,. 
binding sites in the fundus mucosa comes from the following pictures. Fig. 2, 
A, B, and C, shows a representative piece of fundus mucosa from another 
experiment at higher magnification. In the hematoxylin-stained mother sec- 
tion (Fig. 2, A) the distinetly clearer zone of the mucoid neck cells can be 
easily seen, lying between the surface epithelium, with its configuration of 
areolae and gastric pits, and the darker stained zone representing the 
deeper portions of the fundus glands, which contain the chief (pepsinogen) 
cells. The (dental film) contact autoradiograph (Fig. 2, B) unequivocally 
shows the localization of vitamin B,,. radioactivity. Quite evidently the mucoid 
neck cells are completely devoid of radioactivity; it is the deeper zone of the 
fundus mucosa, corresponding to the basophilic portions of the fundus glands, 
that contains all of the radioactivity. This exact correspondence to the dark- 
staining deeper parts of the glands is shown in Fig. 2, C, where the auto- 
“adiograph is seen projected over the mother section. There cannot, apparently, 
be much doubt concerning the localization of vitamin B,. binding eapacity in 
this section. However, the poor resolution of the dental film contact method 
does not permit an exact appraisal of the lecalization on a cellular level. 

Figs. 3 and 4, A and B, show the results of the stripping film autoradiog- 
raphy. Fig. 3 represents the transition between fundus region proper and 
antrum pylori in a longitudinal section. Apart from the localization in the 


A. 
| 
c \ <== 
7 
2 


Volume 53 CASTLE’S INTRINSIC FACTOR IN RAT 
Number 1 


Fig. 2.—Section of rat stomach, fundus region; incubated with Co” "By. <A, Mother sec- 
tion stained with hematoxylin. B, Dental film contact poate gen nt mal exposure 3 days. QO, 


projected over A. Vitamin Bw binding is found in deepest portions of fundus glands. 
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deeper portions of the fundus glands, the abrupt ending of vitamin B,,. 
binding on the transition can be seen. In Fig. 4, A, an unstained section of the 
fundus with its overlying stripping film is pictured in phase-contrast. The 
blackening of the stripping film has the same zonal loealization as in the dental 
film contact autoradiograph. But, in addition, it can be observed here that 
only the chief cells are responsible for the blackening of the stripping film 
emulsion. The oxyntie cells, rendered visible by phase-contrast, leave un- 
blackened spots in the stripping film. To facilitate appraisal of the auto- 
radiographic picture, the same is reproduced without phase-contrast in ordi- 
nary transmitted light in Fig. 4, B. 


hours. Vitamin Bu binding in fundus region, ending abruptly at transition to antrum pylori. 

The ultimate conclusion, thus, is that under the experimental conditions 
used here localization of vitamin B,,. binding and thus presumably of intrinsic 
factor is exclusively in the chief cells of the fundus glands. Neither the mucoid 
neck cells nor the oxyntie cells did exhibit any vitamin B,, binding. Vitamin 
B,,. binding was equally absent from the mucous surface epithelium of areolae 
and gastric pits in fundus and pylorie regions, and in the mucous glands of 
the pyloric region. The eardiae region and duodenum also were entirely 
devoid of vitamin B,. binding capacity. 

Control Experiments.—The rather unexpected outeome of the autoradio- 
graphs induced us to perform several control experiments. 

First, a number of paraffin sections from gastrie and duodenal wall mate- 
rial fixed in Bouin’s solution were stained with the two Bodian-Protargol 
methods modified according to Dawson'* for argentaffine cells. Clear pictures 
were obtained showing these cells scattered singly along the entire length of 
the gastrie glands, both in the fundus and pylorie regions. They were present 
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in even greater numbers in the duodenal mucosa. Neither the regional . dis- 
tribution nor the seattered distribution in the mucosa did show any correspond- 


ence whatsoever with the vitamin B,. localization observed in the autoradio- 
graphs. 


Fig. 4.—Section of rat stomach, fundus region; incubated 
with Kodak AR 10 stripping film; exposure 24 days. 
Photomicrograph in transmitted light. Vitamin 
fundus glands. 


with “Bw and covered 
A, Phase-contrast photomicrograph. B, 
Be binding in chief (pepsinogen) cells of 


Second, a number of experiments were performed to ascertain the presence 
of biologically active intrinsic factor in the sectioned material at the moment of 
incubation with vitamin 


monium sulfate, homogenized in a Biihler blender at 4° C. and the homogenate 


Fundus wall was fixed in cold, saturated am- 
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dialyzed against cold saline. After high-speed centrifugation, the supernatant 
was tested in totally gastrectomized rats, as described above, and proved to 
have intrinsic factor activity only slightly less or equal to that of native gastrie 
wall homogenates. 


Fig. 5.—-Consecutive sections of rat stomach, fundus region. A, Incubated with Co™® "Bis 
(control section). B, Heated to 100° C, for 3 hours and incubated with Co* “By. Both sections 
covered with Kodak AR 50 stripping film; exposure 24 hours. Vitamin Bu binding destroyed 
by heating. 


Third, an experiment was undertaken in which rat pancreatic material 
was given the complete autoradiographic procedure parallel to the gastric 
material from the same animal. No vitamin B,, binding was seen in pancreatic 
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cells. This result excludes the possibility that nucleoprotein material, which is 
present in comparable quantity and distribution in the chief cells of the fundus 
glands and in the exocrine pancreatic cells, as such might be responsible for 
vitamin B,, binding in the fundus chief cells. 

Last, control sections of the fundus region were heated to 100° C. in 
saturated ammonium sulfate for 3 hours, and otherwise treated parallel to the 
experimental sections, Fig. 5, A and B, representing autoradiographs from 
two consecutive sections of fundus mucosa, clearly shows that heating com- 
pletely destroyed the vitamin B,, binding eapacity. The resulting autoradio- 
graph (Fig. 5, B) is entirely negative, whereas the control section presents the 
usual autographie pattern. 


DISCUSSION 


The biologie part of the present investigation, i.e., the experiments with 
partial gastrectomies and the substitution experiments with stomach wall ex- 
tracts, has shown beyond any reasonable doubt that in the rat the fundus 
region of the stomach is the site of production of Castle’s intrinsic factor. 
The substitution experiments with the extracts of fundus wall and _ pylorie 
regions, if taken by themselves, may not seem entirely convincing in view of 
their small numbers. All data taken together, however, show a striking mutual 
confirmation which clearly increases their significance. 

The autoradiography presented a well-defined picture of the localization 
of vitamin B,. binding in the rat gastric mucosa. Regarding the regional 
localization of intrinsic factor, the autoradiographs clearly support the biologic 
experiments: a selective vitamin B,. binding was found in the fundus region. 
At a cellular level the loealization of vitamin B,. binding was unequivoeally 
in the chief (pepsinogen) cells of the fundus glands. 

The autoradiographs gave no indication whatsoever that the mucoid neck 
eells play a part in the production of the intrinsie factor. Our results clear!y 
suggest that the chief cells are responsible for the elaboration of the intrinsie 
factor in the rat. 


This interpretation, however, needs a critical analysis. First it should be 
envisaged that the observed cellular localization might represent a diffusion 
artefact, as is often seen in histochemistry. This possibility ean safely be ruled 
out because intrinsic factor is precipitated by saturated ammonium sulfate, the 
fixative used. Second, it is obvious that the autoradiographie technique used 
will only demonstrate vitamin B,. binding and not intrinsie factor activity 
itself. This is an essential point, because quite a number of unrelated sub- 
stances have some degree of vitamin B,. binding capacity, although most 
authors agree that intrinsic factor is the most active among them. There is, 
however, good evidence that, under the conditions of our experiments, vitamin 
B,. binding represents the presence of intrin:ie factor. <A first argument is 
that our procedure, with saturated ammonium sulfate as a fixative, was shown 
not to destroy intrinsie factor activity in the pertinent control experiment. 
This means that, for all we know, intrinsie factor must have been responsible 
for most, if not all, of the vitamin B,, binding observed. 


A second argument 
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comes from a control experimeii; upon heating to 100° C., a temperature 
known to destroy intrinsic facior, the seetions completely failed to take up 
vitamin By». 

We believe, therefore, that our autoradiographs are fairly conclusive with 
regard to the localization of intrinsic factor in the chief cells of the fundus 
glands, and, consequently, that these cells should be considered as the pre- 
sumable site of production of intrinsic factor in the rat. 

Cytologically, the chief cells of the fundus gland have the typical char- 
acteristics of protein-synthesizing cells, whereas any sign suggesting the pro- 
duction of a mucoid or polysaccharide is lacking. This suggests that the 
active principle of the intrinsie factor might be a protein or a polypeptide 
rather than a mucoid or a polysaccharide. This hypothesis is in argreement 
with the observation of Cresseri,* cited above, that the vitamin B,,. binding 
substance in electropherograms of glandular mucoprotein (which presumably 
contains intrinsic factor) contained a protein moiety as shown by its brom- 
phenol staining. 

However, it should be mentioned that experiments with hog gastric mucosa, 
now in progress, have shown that conditions in this animal are more complicated 
than in the rat. This holds for the biologie and perhaps also for the chemical 
properties of intrinsic factor as well as for the presence of substances exhibiting 
nonspecific vitamin B,, binding. Species differences like these might be respon- 
sible for much of the confusion in the intrinsie factor problem. 


SUMMARY 


Two series of experiments were performed with the purpose of determin- 
ing the site of production of Castle’s intrinsie factor in the rat. 

The intestinal absorption of radioactive vitamin B,. was studied in rats 
in which different parts of the stomach had been resected. The data obtained 
in these animals indicated that the fundus is essential for normal vitamin B,. 
absorption and, therefore, can be considered responsible for the production of 
the intrinsie factor. This was confirmed by testing extracts of the different 
parts of the rat stomach for intrinsie factor activity in rats in which total 
gastrectomy had been performed. 

In the second part of this study a number of histologie techniques were 
applied in an attempt to determine the type of cell responsible for the secretion 
of the intrinsie factor. The most significant information was obtained by 
autoradiography of seetions incubated with radioactive vitamin B,.. Selective 
uptake of vitamin B,,. occurred in the chief (pepsinogen) cells of the fundus 


glands. Presumably this cell type elaborates Castle’s intrinsie factor in the 
rat. 


We wish to express our sincerest thanks to N. V. Philips-Roxane, Weesp-Holland, for the 
generous gifts of radioactive vitamin B,,. Their willingness to take up the preparation 


of this valuable and costly material provided us with the main tool for the present 
investigation. 
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The histologic work, including autoradiography, was done by Miss E. Binkhorst 
(Department of Histology). Microphotography was by Dr. J. Wachters (University 
Photographic Department). Dr. J. Abels assisted in some of the biologie control experi- 
ments. 
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EVALUATION OF A METHOD OF DIRECT LEFT HEART PUNCTURE 


Maria Z. Graso, M.D.,* anp R. Lurie, M.D. 
INDIANAPOLIS, INp. 


ERCUTANEOUS needle puncture of the left ventricle has been advocated 

as a relatively safe method for pressure measurement and cardioangiographic 
study. It has been done for the most part in adults, and is performed only 
oceasionally in children.* While it is often easy to pass a venous catheter into 
the left side of the heart of infants through the probe-patent foramen ovale, 
when access to the left side is most urgently needed it may be impossible to 
gain. It seemed desirable to develop a method which would have special at- 
tributes for work with infants and small children. These would be: (1) a 
simple aiming technique which would assure puncture of the intended chamber 
despite absolute and relative variation in size of structures from patient to 
patient; (2) minimal effeet of practice upon the likelihood of success in the 
event that the procedure was utilized only occasionally; and (3) use of a tube 
of sufficiently large bore to permit satisfactory contrast injections for ecardio- 
angiography. It is believed that the method to be described below promises 
to fulfill these criteria in patients. It has the added advantage of permitting 
catheterization from the ventricle through the aortie valve and retrograde 
through the mitral valve. This paper reports the trial of the method in a series 
of 12 rabbits. This experimental animal was selected because of the smallness 
of the heart, thus pitting the method against a maximal handicap. It was also 
tried in 6 mongrel dogs to study its use in larger hearts. Finally, left ven- 
tricular puncture using this approach was performed successfully and ap- 
parently harmlessly in a 3-month-old infant with severe congenital heart disease. 


MATERIALS AND METHODS 


A stylet (Fig. 1, 4) made of a 19 gauge steel piano wire, 16 em. in length was 
sharpened at one end to a needle point, and bent at a right angle 1.5 em. from the other 
end. A piece of polyethylenet or tetrafluorethylene} tubing (Fig. 1, @) through which the 
wire could be threaded snugly was cut. A piece 1.5 em. long (Fig. 1, D) was cut from a 
16 gauge hollow needle§ and inserted through one end of the tubing. This necessitated 
slight stretching of the plastic, the internal diameter of which approximately equaled that 
_ From the Department of Pediatrics, Indiana University School of Medicine, Indianapolis, 
a. 


Aided by grants from the James Whitcomb Riley Memorial Association and the Indiana 
Heart Foundation. 


Received for publication June 5, 1958. 
*Dr. Grajo is a Research Fellow of the East Central Indiana Heart Foundation. 


tIntramedic: internal diameter, 0.047 inch; outside diameter, 0.067 inch. Clay-Adams, 
Inc., New York, N. Y. 


tTeflon (Dupont) thin-walled spaghetti tubing No. SP-600, AWG 18; internal diameter, 
0.042 inch; outside diameter, 0.066 inch. Sparta Manufacturing Company, Dover, Ohio. 
§Standard needle, Becton, Dickinson & Company, Rutherford, N. J. 
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of the 16 gauge needle. To this segment of needle, a removable adapter* (Fig. 1, B, C, EF, 
and F) was fitted. The stylet was threaded through the adapter and tubing so that only 
its sharpened end protruded. A piece of No. 7 cardiac catheter (Fig. 1, H) 3 mm. in length 
was then passed over the tubing to serve as a marker. 


For use in infants and small children, the stylet was replaced with a 19 gauge 
hypodermic needle, 25 em. in length and joined to the hub of a 16 gauge needle. A 


tetrafluorethylene tubing was used, the end of which was cut and shaped to fit the point 
of the needle. 


Fig. 1.—Stylet tubing instrument for percutaneous ventricular puncture. A stylet; 
= adapter body; C = rubber gasket; D piece of 16 gauge needle; FE = steel gland; 
F steel gland nut; G@ = polyethylene or Teflon tubing; H = depth marker. 


1, Animal Experiments.—Twelve rabbits with an average weight of 3 Kg. were ob- 
tained. 


An unanesthetized rabbit was strapped by its legs to a board. The anterior chest 
was shaved and cleansed with Zephiran solution 1:1,000. ECG needle 


electrodes were 
placed subcutaneously in the legs. 


A skin stab wound 2 mm. in length was made over the 
left paraxiphoid area. The stylet and polyethylene tubing (Fig. 1, A and G) were inserted 
through the incision and subcutaneous tissues, and into the thoracic cavity. Under fluoro- 
scopic control with an image intensifier, the tip was directed toward the apex of the heart 
at a 35 degree angle and very slightly to the right. As soon as pulsations were felt, 
the stylet tubing was quickly thrust forward into the heart, the marker (Fig. 1, 7) being 
placed at an estimated proper distance of insertion so as to serve as a safety guide. When 
the ventricular cavity was entered, the stylet was removed and the tubing was advanced 
slightly. A 3-way stopeock was attached to the adapter (Fig. 1, B). Ventricular pressures 
were recorded with a Hathaway impedance gauge. The tubing could be advanced and 
retracted easily in various directions. It was filled with contrast mediumt which rendered 
it visible; then the 3-way stopcock was rotated to connect the tubing with the pressure 
gauge, without losing the contrast medium. This permitted the tube to be seen and the 
pressure in the chamber to be constantly observed on the oscilloscope. 


The tubing was 
passed into the outflow artery, and into the atrium. 


It was occasionally flushed with 1 to 
*U. S. Catheter & Instrument Company, Glens Falls, N. Y. 
tHypaque M 90 per cent, Winthrop Laboratories, New York, N. Y. 
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2 ml. of normal saline solution, containing 1 mg. of heparin in 500 ml. of fluid. After 
pressure measurements were taken, the tubing was removed. Light pressure and adhesive 
tape were applied over the wound. The rabbit was freed and returned to its cage. 

Gross postmortem examination was performed in rabbits that died shortly after the 
procedure. Histologic studies were done in those which were killed with pentobarbital 
sodium given intravenously 8 or 9 days, 16 days, 36 days, and 43 days after the ventricular 
puncture, 

The procedure was tried in 5 anesthetized mongrel dogs, weighing 11.5 to 13.5 
kilograms. The stylet and tubing were inserted through the fourth left intercostal space 
anteriorly. Four of these were used in other experimental studies, and were sacrificed 
after being subjected to ventricular puncture. One was kept alive and sacrificed after 3 
weeks, 


The heart was exposed in an anesthetized dog weighing 24 kilograms, the pericardium 
being left intact. The stylet and tubing were thrust successively through the anterior wall 
of the left and right ventricles, then into the left and right atria. The pericardium was 
opened, and the 4 chambers were again punctured. The main left anterior descending 
coronary artery and 2 of its terminal branches were also punctured with the stylet. 


2. Clinical Trial in One Case.—S. P., a 3-month-old infant weighing 11 pounds and 
7 ounces, had repeated respiratory tract infection and pulmonary congestion, cardiomegaly, 
and enlarged liver. Right heart catheterization and selective cineangioecardiography were 
inadequate in arriving at a diagnosis because of inability to localize the shunt by blood 
oxygen saturation studies, and poor visualization of the left side of the heart and aorta 
due to insufficient concentration of contrast medium. The possible diagnoses entertained 
were truncus arteriosus; common atrioventricular canal; and ventricular septal defect, 
alone or combined with an atrial septal defect, patent ductus arteriosus, or coarctation of 
the aorta. Left heart studies were done to arrive at a more definitive diagnosis. The 
patient was anesthetized with intramuscular meperidine hydrochloride and _ secobarbital 
sodium. The fifth left intercostal space at the midclavicular line was infiltrated with 
procaine hydrochloride; a stab wound of the skin 2 mm. long was made. The instrument 
was thrust in through the apex of the heart. A 1 ml. syringe containing 70 per cent 
Urokon was attached to the stylet needle. When the point was shown to be in the ventricle 


by aspiration of blood into the syringe, contrast medium was injected as the needle was 
retracted and the tubing slightly advanced. 


Fig. 2.—Pressure tracings in both ventricles through the atrioventricular and semilunar 
valves in rabbits. Note systolic overshoot artefact in left ventricle. 


RESULTS 


The rabbit’s heart was not fixed in the mediastinum. It was easily dis- 
placed by just placing the stylet tubing in the thoracie cavity and feeling for 


iy 
(i 
100 — | 
=m 
n— 
ARTERY EWTRICLE ATRIUM VENTRICLE aTRIUM VENTRICLE AORTA 


Volume 53 
Number I 


ventricular contractions. 
tions imparted by the heart to 


METHOD FOR DIRECT LEFT HEART PUNCTURE 


Once 


143 


the ventricular cavity was entered, the pulsa- 
the stylet diminished or disappeared. 
tubing was in the left ventricle, bright red blood spurted from it. 


If the 
Dark blood 


flowed slowly from the tubing if the right ventricle had been entered instead. 


RABBIT NO. | 


TABLE 


COURSE OF TUBING | 


1 


LV-AA-LV 
LV-AA 
RV-MPA-RV 


LV-AA-LV-LA-LV 


RV-MPA-RV 
RV-RA-RV 


LV-AA-LV-LA-LV 


LV-LA-LV-AA 


LV-AA-LV-LA 


RV-RA 


LV-AA-LV-LA 


RV-IV_ septum-LV- 
AA-LV-LA-LV- 
RV-RA-RV 


PRESSURES 
AA — 63/49 
LV = 67/-6 


LV = 66/-1 
AA = 65/51 


RV = 16/-5 
MPA = 18/4 


AA = 106/85 
LV = 104/-2 
LA — 0.5 mm. 


MPA = 8/4 
RV = 10/-6 


RV = 17/-6 
RA—-9 mm. 


LV = 97/-0.8 
AA = 95/82 
LA=1.3 mm. 


AA = 116/96 
LV = 112/-2 
LA = -6.7 mm. 
LV = 109/-2 


AA = 94/85 
LV = 103/0.6 
LA — -6.4 mm. 
LV = 107/-5 


RV = 15/-2 
RA —-6 mm. 
LV = 86/-1 


AA = 89/70 
LA —-2 mm. 


LA =-7 mm. 
LV = 84/-0.3 
AA = 79/63 
RA = -7 mm. 
RV — 14/-2 


Data* 


| ECG 


CR = 240/min. (during puncture) — 
CR = 120/min. (end of procedure) 


CR = 180/min. 


CR = 260/min. 


PVC, 1 to 3, with tubing in RVO 


CR = 240/min. 


Slight S-T elevation with tubing in 
LV; none in AA or LA 


CR = 200/min. 


Rare PVC with tubing in RVO 


CR = 240/min. 


CR = 320/min, 


CR = 200/min. 


CR = 300/min. 
elevation 


CR = 220/min. 


CR = 200/min. 


CR = 260/min. 
S-T elevation 


Few PVC with tubing in RVO 


*Key to Abbreviations: LV 
RV right ventricle; MPA 
ventricular outflow; IV 
ular contractions. 


ascending aorta; LA = 
RA = right atrium; 
cardiac rate; PVC 


left ventricle ; 
main pulmonary artery ; 
interventricular; CR - 


left atrium ; 
RVO = right 
= premature ventric- 


The tubing was passed into the main pulmonary artery or aorta, and into the 
left or right atrium, depending on which ventricle was entered. Good pressure 
curves were obtained (Fig. 2 and Table 1). In Rabbit 12, the stylet pierced 
the right ventricle and went through the interventricular septum into the left 
ventricle. Pressure tracings were obtained from both ventricles and atria and 
the ascending aorta. Incidence and amount of bleeding were increased con- 


siderably when more than one attempted puncture was made, and bleeding was 
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the cause of death in 3 animals. 
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A fourth animal was sacrificed 30 minutes 


after the end of the procedure, as 4 attempts had been made. Gross examination 
in this case did not show enough bleeding to have presumably resulted in death. 


SITE AND 


TaBLe II. FINDINGS 


RABBIT NO. OF | AUTOPSY* 
NO. | PUNCTURES | TIME OF DEATH BLEEDING | HISTOLOGY 
1 LV (4) Sacrificed after 7 days + - 
2 LV (3) Sacrificed after 8 days 0 +++ 
3 RV (1) Sacrificed after 36 days 0 +++ 
4 LV (2) Died after 20 min. of hemorrhage from ++++ - 
puncture wound in ascending aorta 
5 RV (1) Sacrificed after 16 days 0 No lesion 
6 RV (2) Died after 40 min. of hemorrhage from ++ - 
puncture wounds in RV 
7 LV (4) Sacrificed at end of procedure + ~ 
8 LV (1) Sacrificed after 43 days 0 ++ 
i) LV (1) Sacrificed after 16 days + +++ 
10 RV (2) Sacrificed after 9 days + + 
iB LV (1) Sacrificed after 9 days ++ 
12 RV (4) Died after 5 to 12 hr. of hemorrhage +++ 
from puncture wound 
*Bleeding: 0 clear pericardial cavity; + minimal pericardial sanguinous fluid; 
+ small blood clot in pericardial cavity or in mediastinum; ++ unilateral hemothorax 
and bloody pericardial fluid; ++++ bilateral massive hemothorax. 
Histology : no examination; + necrosis of tissues, focal hemorrhage, polymor- 
phonuclear infiltration ; ++ ingrowth of blood vessels, fibroblasts, macrophages; +++ lymph- 
ocytes, plasma cells, prominent collagen; ++++ contracted scar, avascular. 


Other observations made were lowering of the eardiae rate when 4 thrusts 
were made (Rabbit 1 in Table IL), transient ventricular extrasystoles on 
touching the ventricular wall externally in most eases, and oceasional ST-T 
changes. Pneumothorax was looked for in each ease, and was not observed 
fluoroseopiecally. 

In Table II, the amount of bleeding and the extent of fibrosis are shown 
in relation to the site and number of puneture wounds and the age of the 
lesions. Macroscopic examination showed that a coronary artery was hit twice 
in the middle of its course during the experiment in the first animal; and slight 
sanguinous fluid was noted in the pericardial cavity when the animal was killed 
after 7 days. Histologic abnormalities were confined to the path of the instru- 
ment, As early as 8 days, sear formation was evident. In all instances, the 
pericardium and endoeardium were intaet with no thrombus formation. 

In dogs, except for some difficulty in going through the chest wall, the 
procedure was easier than in rabbits. The Teflon tubing remained firmly 
extended over the stylet despite the resistanee offered by the tissues in contrast 
to the thin-walled polyethylene tubing which tended to fold in ‘‘acecordion’’ 
fashion. When the thoracic cavity was reached, the left ventricle was pune- 
tured with accuracy at one trial. Not only was the target bigger, but the left 
ventricle was thicker, so that bleeding into the pericardial eavity did not oceur 
even after withdrawal of the tubing. Gross examination showed elear peri- 
cardial cavities; in one, there was a smal] subpericardial hemorrhage at the 
site of puncture. 
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When multiple punctures were done through the different chambers and 
coronary vessels in the dog’s exposed heart, slight bleeding occurred when the 
pericardial vessels were pierced. There was no bleeding from the wounds in 
the ventricular wall. Blood oozed from the atrial puncture wounds in negligible 
amounts when the pericardium was intact. With the pericardium open, the 
second atrial punctures did not cease bleeding until direct pressure was applied. 
Blood spurted when the left anterior descending coronary artery was pierced, 
and oozed from the corresponding vein when the latter was punctured in turn. 
There was minimal bleeding when the terminal coronary artery branches were 
subjected to puncture. 
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ck of this finding suggests that it is an artefact due 
In the 3-month-old infant, moderate resistance was offered by the sub- 
cutaneous tissues and the hypertrophied left ventricular wall. The left ven- 
tricle was entered without undue arrhythmia. The tubing was passed into the 
aorta and left atrium, and pressure recordings were taken (Fig. 3). However, 
the tip of the tubing slipped back into the pericardial sae before satisfactory 
injection of contrast medium could be made. A second puncture was made with 
greater ease, and left ventricular cineangiocardiography was performed. The 
study showed a ventricular septal defect and narrowing of the aorta, but no 
diserete coarctation. The child tolerated the procedure well, and was wide 
awake and fairly active when brought back to the ward. Follow-up over a 
1-month period indicated no evidence of delayed ill effects. 


DISCUSSION 


It is believed that this new method has distinct advantages over needle 
punctures into the left atrium or left ventricle for measurement of pressures 
or injection of contrast medium directly, and over the polyethylene tubing 
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threaded through a needle and passed subsequently through the different ear- 
diae chambers. Ordinarily, 15 to 18 gauge needles are used for left heart 
punetures through the chest wall, and one corresponding to a 22 gauge needle 
by the suprasternal approach. The stylet or needle used in our studies is of 
19 gauge. Since the stylet is threaded through the plastic tubing, and removed 
after it is in a ventricular chamber, a large bore tubing remains in place. This 
tubing corresponds in outside diameter to a No. 5 French eardiae catheter. It 
is about twice the external diameter of the left heart catheterization tubing 
passed through a 17 gauge transbronchial needle. Its larger lumen lessens the 
ineiden e of clotting, and enables one to get better pressure tracings and inject 
a satisfactory amount of contrast medium rapidly. The ventricular wall can 
clamp more effectively on the slightly compressible tubing than on a needle, 
preventing leakage. Being flexible, this tubing produces less fixation of the 
heart and should be better tolerated than a rigid needle of the same or larger 
size. Furthermore, the tubing is of sufficient size and rigidity to permit con- 
siderable manipulation in achieving passage through the atrioventricular and 
semilunar valves. Reasonably accurate pressure curves are obtainable through 
both the polyethylene and Teflon tubes. 

The rabbits used for the study were young, and had hearts which weighed 
about 4 grams, as compared to about 100 grams in dogs weighing 12 kilograms. 
Considering the size of the hearts and the thickness of the ventricular wall in 
relation to the size of the puneture wound in the myocardium, there was re- 
markably little bleeding into the pericardial and thoracie cavities when the 
first attempt was successful. Possibly a pericardial or internal mammary 
vessel was punctured in the eleventh animal to account for the blood clot in 
the inferior mediastinum. In the first rabbit, there was gross evidence that a 
major coronary artery had been pierced twice. There were only minimal S-T 
changes observed while the experiment was in progress. Unfortunately, an 
electrocardiogram was not taken before the rabbit was sacrificed to look for 
further changes, if any. Presumably, the rabbits had normal myoeardia so 
that the rate of healing was fairly rapid. 

In dogs, except for some diffieulty in going through the chest wall, the 
procedure was easier than in rabbits. The diaphragm of the dog is more conical 
and higher. It was difficult to avoid the left leaf of the diaphragm by the 
paraxiphoid approach. The stylet and tubing, therefore, were inserted through 
the fourth left intercostal space. Apparently the wounds produced in the left 
ventricular wall closed immediately upon withdrawal of the tubing so that 
bleeding was not observed to come from them. Autopsy studies have been 
reported on dogs punctured with a 17 gauge needle; the sites of entry were 
often diffieult to identify, and deteeted only microscopically as foeal searring.* 

As shown by multiple thrusts into the exposed heart of a dog, it could be 
that even in our rabbit experiments, bleeding did not always come from the 
puneture sites of both ventricles, but possibly came from the pericardial vessels 
or coronary blood supply when these were pierced by the stylet. 

For infants and small children, a piece of tetrafluorethylene tubing, 25 
em. in length was thought sufficient to reach from the apex of the heart to the 
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proximal aorta. A 19 gauge hypodermic needle was used instead of a wire 
stylet in order to indicate whether the tip of the instrument was inside the 
pericardial cavity or in a cardiac chamber before removal of the needle, and 
also, in order to avoid air embolism, by permitting the introduction of contrast 
fluid into the tube as the needle was withdrawn. Approaching the left ven- 
tricle through the apex reduced the possibility of piercing large branches of 
the coronary arteries. Also, the internal mammary vessels were avoided. How- 
ever, the pleural space was probably traversed. The procedure should be 
tolerated by the ventricular myocardium in young children whose coronary 
circulation is normal. Since the sear is weakest during the second week after 
the puncture, restriction of activity may be desirable. 

Note: While the experiments were in progress, Seldinger’ described a 
remarkably similar stylet eatheter for splenic puncture in lienoportal venog- 
raphy and percutaneous transhepatie cholangiography. Earlier he had applied 
a similar instrument to the puncture of arteries and veins." ° 


SUMMARY 


A new method for pereutaneous left ventricular puncture is described. A 
19 gauge stylet threaded through a polyethylene or Teflon tubing was directed 
into the left ventricle through the left paraxiphoid angle in rabbits, and through 
the fourth left intercostal space anteriorly in dogs. The stylet or needle was 
then withdrawn, leaving the tubing in place in the ventricular cavity. The 
tubing was passed into the aorta and left atrium, and pressure tracings were 
taken. In rabb’ s, bleeding was negligible when the first attempt was success- 
ful; but its iy idence and amount were increased greatly when more than one 
attempt was made. Microscopically, there was early sear formation and intact 
visceral pericardium and endocardium. In dogs the left ventricle was easier 
to puncture and no bleeding oceurred. Direct visualization of multiple pune- 
tures of a dog’s heart and pericardium showed that ventricular and small 
branch coronary artery bleeding were insignificant, while the pericardial 
vessels and atria might bleed enough to require pericardial tapping. As the 
procedure seemed reasonably safe to apply in infants and small children, it was 
performed in a 3-month-old infant severely ill with an incompletely diagnosed 
congenital anomaly of the heart. The solid stylet was replaced by a hollow- 
needle stylet. The stylet tubing was introduced at the apex. The left ventricle 
was entered, the left atrium and aorta were ecatheterized, and _ satisfactory 
cardioangiography was performed, without ill effects. 


We wish to acknowledge the assistance with the histology provided by Dr. Serafin 
Juliano, ICA Fellow in Pathology, Department of Pathology, Indiana University School of 
Medicine. Mr. Clyde Foster gave valuable technical assistance. Dr. Harold King of the 
Department of Surgery originally suggested the idea of a stylet catheter to us. 
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LABORATORY METHODS 


QUANTITATIVE DETERMINATION OF FREE LYSINE IN URINE 

BY TWO-DIMENSIONAL PAPER CHROMATOGRAPHY 

Lucy F. Keruey, B.Sc., D.A.C., A.R.A.C_L. 
MELBOURNE, AUSTRALIA 


N THEIR earlier surveys of amino acid excretion in various disorders Dent 

and associates" * failed to resolve lysine and ornithine and lysine and arginine. 
Since preliminary observations of amino acid exeretion during pregnaney in- 
dicated that fluctuations of lysine concentration appeared greater than that of 
any of the other amino acids, conditions were sought under which this amino 
acid could be unequivocally determined. 

The present modification was designed to give a quantitative determination 
of lysine by the optical scanning method using an ‘‘Eel’’ seanner.* This was 
achieved by (1) keeping the specimen at pH 2, enabling a standard to be run 
and measured on the same paper side by side with the unknown under, as nearly 
as possible, the same conditions (at this pH a compact spot of lysine dihydro- 
chloride was obtained), and (2) enlarging the area of the applied sample, con- 
trary to the generally accepted practice, to give a lysine spot large enough to be 
measured in the Eel seanner. 

The use of the Dent apparatus allowed as many as 10 determinations to be 
carried out together. 


MATERIALS AND METHODS 


Apparatus.—The two-dimensional capillary ascent technique was used with stainless steel 
apparatus, as described by Datta and associates? which allows minimum handling of the 
sheets. 


Paper.—The paper used was Whatman No. 1.4 Each sheet measured 12 by 12 inches. 


Solvents.—Eighty per cent phenol in water was used as the first solvent. Since the 
method depends on a particular form of pIl control, ammonia was not necessary. This also 
minimizes background color which has been shown to be responsible for high and variable 
blanks.6, 7,14 grade B.D.H.t phenol was found to be satisfactory without further 
purification, and the solution could be reused? as many as 4 times until a pink color developed. 


The second solvent was a 65 per cent solution of a mixture of 2:4 and 2:5 lutidine (A.R. 


From the Department of Obstetrics and Gynaecology, University of Melbourne, and 
the Royal Women’s Hospital, Melbourne, Australia. 


Received for publication Dec. 18, 1957. 
*Manufactured by Evans Electroselenium, Ltd., Harlow, Essex, England. 
tAnalytical reagent grade, British Drug Houses, Ltd., England. 
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Fig. 1.—-Illustrated are the final positions of lysine in the urine specimen (pH 2.2) and 
the standard lysine (pH 1.4) after completion of the two dimensional run. The strip cut to 
fit the scanner can be seen. 


/O4 /44. 


Fig. 2.--The optical density curves of the lysine spots shown in Fig. 1. 


3.--Seanner curves show result of reversing strip in holder to obtain base line. 
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n-butanol-acetic acid-water mixture (40:10:50), was tested, but they were found to be un- 
suitable, 


Development of Spots.—One-tenth per cent ninhydrin in 95 per cent ethanol was sprayed 
on the sheets, which were allowed to dry overnight at room temperature to obtain maximum 
development of the ecolors.® 


Specimens.—Twenty-four-hour urine specimens containing 50 ml, 15N HCl as pre- 
servative were each made up to 2 liters. To ensure that collection of the specimens was com- 
plete, creatinine was determined. 


Desaiting.—This', 11 was considered unnecessary as in the few cases where a ‘‘salt 
effect’’ was noticed the lysine spot was not affected. 


Technique.—In order to obtain spots of a size suitable for measurement in the Eel 
scanner, volumes of urine somewhat greater than generally reeommended were used. 

One hundred microliters of the diluted specimen (pH 2) were placed at the lower left- 
hand corner of the paper, 14% inches from the lower edge and 1 inch from the left-hand side. 
An 0.1 ml. micropipette was used to add the specimen a drop at a time. Each drop was dried 
immediately by means of an electrie hair dryer to ensure the diameter of the applied spot to 
be about 1.5 em. 

It was found that this volume of urine gave approximately 2 to 10 wg of lysine, a con 
veniently measureable quantity. For the minimum quantity of lysine which gives visible 
colors with ninhydrin, varying figures are given dependent on the conditions.12-14 

Eight microliters (1 wg per microliter) of standard lysine solution of pH 2 was delivered 
by means of a calibrated red blood cell micropipette at a point 3 inches to the right of the 
origin and allowed to spread to the same area as the unknown. Duplicate samples were treat- 
ed with H,0,12,15 and lysine appeared to be unaffected. 

The temperature of the chromatography room varied only from 20 to 22° C. The sheets 
were allowed to equilibrate overnight for at least 18 hours.16 After the phenol run the 
sheets were dried at room temperature for about 3 hours and finally were transferred to a 
thermostatically controlled cupboard equipped with a fan, and dried at 35 to 40° C. for an 
additional 6 hours. By this time no smell of phenol remained. 

The phenol is not easily removed at room temperature. On the other hand, if dried at 
high temperature losses of amino acids oecur.5, 14, 17,18 Under our conditions the phenol is 
completely removed at a temperature which should result in a minimum loss of amino acids. 

Since the standard and unknown lysine were run on the same sheet and their concen- 
trations were of the same order of magnitude, any slight loss should not affect the final result 
which is a relative figure only. 

After equilibration for 2 to 3 hours the lutidine solution was run for 24 hours. 

The use of the basic solvent first!® would reduce considerably the total running time of 
the chromatogram, since drying of the sheets after each run would be quicker. However, 
Block!® found that under these conditions the color intensities were less than when phenol is 
used first. 

After development with ninhydrin the piece of sheet containing the unknown and 
standard lysine spots was cut out to fit an Eel scanner (Fig. 1). The optical density was read 
on a calibrated microammeter, and the reading was plotted directly to give a graph of the 
concentrations, The areas under the two peaks were measured by counting the squares on the 
graph paper and the unknown calculated as milligrams per 24 hours (Fig. 2). 

The Eel seanner is normally used to measure proteins after separation by electrophoresis. 
It is a simplification of an instrument such as that deseribed by Grassmann and Hannig.24 

The other constituents of the urine affect the standard less than they do the unknown. 
Other amino acids have been in contact with the paper between the unknown and the standard 
during the phenol run, and may have left a slight residue detectable by the scanner. In some 
cases the graph did not return to the original zero position. In an attempt to cancel out this 
effeet, after scanning in the direction standard to unknown, the strip was reversed in the 
holder to measure in the opposite direction (Fig. 3). 
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The length of the slit of the scanner is 3% em. The originally applied spots of urine 
and of standard of diameter 14% em. gave lysine spots each of diameter 24% em. This left a 
blank margin of % em. on the paper both above and below the spot. The length of the slit is 
fixed; therefore, we attempted to remove the effect of the blank margins by placing strips of 
black paper on the glass plates but the curves ran off the graph paper. It was found more 
satisfactory to leave the blank margins provided care was taken to keep them the same width 
for both unknown and standard. The results for two pairs of lysine spots of different con- 
centrations, each pair run at different times, show this effect (Table I). 


TABLE I 


(A) LARGER BLANK MARGINS: | (B) SMALLER BLANK MARGINS — 
Lysine in pg 5.6 11.2 1.6 4 
Area in Yo inch 48 90 42 94 
squares 


After replacing the cut-out piece of paper with transparent tape the whole sheet was 
then photographed in transmitted light both in color and in black and white. 

Finally, in anticipation of fading, the individual spots on the sheets were outlined in 
pencil and a description of the color and relative strengths was written beside each spot. 


Four microgram mixtures of ornthine, lysine, and arginine at different pH’s after 
phenol run. 


RESULTS AND DISCUSSION 

Arginine can oecur in urine, and Stein®® found large exeretions of ornithine 
as well as lysine and arginine in the urine of 5 patients with eystinuria. 

At pH 1 to 2 in a phenol-water system lysine gives a single compact spot of 
the dihydrochloride, while between pH 2 and 10 it gives long streaks due to dis- 
sociation of the earboxyl group.*! * At pH 11 to 12 a single spot again oceurs; 
since the two amino groups have lost their protons, this represents the anion. 
Arginine and ornithine behave in a similar fashion. 
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With a mixture of arginine, lysine, and ornithine, discrete spots appear at 
and below pH 2, but at pH 11 to 12 the 3 coincide at Rf 0.75. This behavior is 
shown in Fig. 4. 

To ensure that the unknown spot being studied is, in fact, lysine, identifica- 
tion was established by adding known amounts of lysine, arginine, and ornithine 
to the urine sample for the two-dimensional run. Only ihe added lysine coincided 
with the unknown spot (Figs. 5 and 6). 


Fig. Cnn of urine specimen (pH 2) shows quantitative measurement of 
lysine in presence of ornithine and arginine. Eight micrograms each of arginine, lysine, 
and ornithine has been added to the specimen which originally contained no detectable lysine. 


8 Gugms. 
=... | lysine Orn 


Fig. 6.—Scanner curves of spots shown in Fig. 5. 
Landua and associates** suggest pH 10 as the most suitable condition for the 


separation of lysine. Our results show that this is not desirable when arginine 
or ornithine is present. 
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A pH of 1 to 2 is not necessarily the most suitable pH for other amino acids 
which oceur in urine. At this pH some give rather large and, in some eases, 
diffuse spots, although preliminary experiments have shown that taurine, cystine, 
alanine, and glutamine may also be determined on the same paper as the other 3. 
Therefore, if amino acids other than these are to be determined, some other pH 
will be necessary or, alternatively, other solvents must be used. 

Stein and Carey*® have shown that the concentration of lysine in urine in- 
creases after acid hydrolysis. Our conditions are very mild compared with 
those necessary for hydrolysis, and no change has been observed after 8 months’ 
storage in a refrigerator. 


It cannot be stressed too much that in all chromatographie work it is im- 
perative to know exactly the conditions under which the experiments have been 
carried out before any interpretation of a chromatogram is attempted. For 
example under the conditions of our experiments (pH 1 to 2) glutamie acid 
appears as a horizontally streaked spot above lysine (Fig. 5). Under alkaline 
conditions Dent and Walshe* have shown glutamie acid as a compact spot ap- 


pearing in approximately the same position as lysine does under our conditions. 


SUMMARY 


A two-dimensional chromatographic method for the determination of lysine 
in urine has been described. A standard is run on the same paper. By adjust- 
ment of the pH of the samples and of the area over which they are allowed to 
spread when applied, spots of one lysine species are obtained which ean be ecom- 
pared by means of an Eel seanner. 


I wish to thank Miss M. Johnson (Pathology Department, Royal Women’s Hospital) for 
the photographie work, and Mr. J. W. Legge (Biochemistry Department, University of Mel- 
bourne) for his helpful eriticism during the writing of this paper. 
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DIFFERENTIAL ULTRAVIOLET SPECTROPHOTOMETRIC 
DETERMINATION OF SERUM SALICYLATES 


L. A. B.S.,* R. A. Linn, M.S.,* anno B. Zax, Px.D.** 
Derrorr, Micn. 


HE quantitative determination of salicylates in biologie media has seen use- 

ful employment for clinical,’ forensic,* and pharmacologie applications.’ 
The determinative techniques have been mainly coneerned with the phenolic 
nature of salicylate either through iron or metal reactions’: *" or by coupling 
with diazotized p-nitroaniline.° Some investigation has been carried out on the 
reducing action of salicylates* or on the determination of salieylie acid in the 
ultraviolet region of the speetrum.'’ The problem of the isolation of salicylic 
acid for quantitative and qualitative ultraviolet spectrophotometry free from 
the interferences encountered in biologie material ean be simplified by the 
use of the differential characteristics of the ultraviolet spectra of salicylate at 
two different pH levels. Previously, it has been shown that the spectrophoto- 
metrie determination of barbiturates ean be carried out by the employment of 
automatic recording differential speetrophotometry.'* This has provided a 
simple, rapid, and aceurate ultraviolet spectrophotometrie quantitation proce- 
dure in which a composite spectrum could be obtained. This spectrum repre- 
sented the automatic subtraction of two spectra, both containing the same sub- 
stance in the same concentration but at two different pH levels. The conversion 
of the solution from pH 13 to pIt 10.5 resulted in a hypsochromie shift of the 
spectrum. The subsequent subtraction of one spectrum from the other spectrum 
showed characteristic differences peculiar to the barbiturate being investigated."' 

The present investigation deseribes the use of an automatic ratio recording 
spectrophotometer for the quantitative determination of the differential spectral 
characteristies of salicylate at two pH levels. As previously deseribed for bar- 
biturates,"* it obviates the time and error involved in manually determining 
speetra which are crude and limited in nature®; it does not use blanks since 
the two aliquots of salieylate blank each other just as if the spectra had been 
individually reeorded against their own blanks; it eliminates subtraction of 
one spectrum from its mate since the instrumentation technique automatically 
substracts the two speetra, and it enables one to analyze for salievlate or bar- 
biturate or a mixture of the two as they may be encountered in biologie media. 
The extension of the procedure to 100 yl samples for salieylate determination 
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is also deseribed. The automatic ratio recording spectrophotometer is not neces- 
sary to the procedure since a manual spectrophotometer can also be used. How- 
ever, automatic instrumentation effects a great saving in the time and effort in- 
volved in the teehnique to be described. 


MATERIALS AND METHODS 


Reagents.— 
1. Chloroform, spectranalyzed or redistilled. 
2. Sodium hydroxide, 0.45 N. 

3. Ammonium chloride, 16 and 20 per cent. 
4. Hydrochloric acid, 6 N. 


Equipment..— 
1. Beckman DK-2 automatic ratio recording spectrophotometer. 
2. Silica cuvettes, macro- and micro-, 1 em, light paths. 


Instrumentation.—Zero the instrument, utilizing the hydrogen lamp source and the photo 
multiplier tube at position IX, using the following specifications: 


Wave length 400° mp 
Approximate slit width 0.04 mm. 
Sensitivity 100 

Time 2 minutes 
Time constant 0.2 

Initial range 0 to 100 
Seale, initial per cent T 
Final range 0.3 to +0.7 


Seale, final absorbance 


After zeroing the instrument, change the range to -0.3 to +0.7 and the scale to absorbance 
with the cuvettes in the cuvette holder. The pen will now automatically move to 0.3. ab- 
sorbance on the chart paper. If the pen is not exactly at 0.3 absorbance, adjust it with 
the 100 per cent control knob. Record the spectra from 400 mp to 230 my using the previously 
specified conditions. 


Analysis of Unknown Solutions (Macromethod).—Pipette 1 ml. of serum (urine, or 
use a weighed portion of tissue homogenate) into a separatory funnel. Add 1 ml. of 6 N 
hydrochloric acid and 50 ml. of chloroform, Extract the acidified material for 5 minutes. 
Filter the chloroform layer into a clean dry separatory funnel, discarding the aqueous 
phase. Add 7 ml. of 0.45 N sodium hydroxide to 45 ml. or more of the chloroform solution 
of salicylate and back extract the chloroform phase for 5 minutes, Diseard the chloroform 
layer and centrifuge the aqueous phase. Place two 3 ml. portions of the aqueous phase into 
two silica cells. To one cell add 0.5 ml. of 0.45 N sodium hydroxide and to the other add 
0.5 ml. of 16 per cent ammonium chloride. Mix well, cover, and read differentially using the 
ammonium chloride treated sample in the reference side, 


Analysis of Unknown Solutions (Micromethod),—Pipette 0.1 ml. of serum (urine or 
a weighed portion of tissue homogenate) into 10 ml. of chloroform, Add 0.1 ml. of 6 N 
hydrochloric acid and extract for 5 minutes. Centrifuge, carefully aspirate off the upper 
layer, and diseard the aspirated material. Pipette 1.0 ml. of 0.45 N sodium hydroxide into a 
9 ml. aliquot of the chloroform solution and back extract for 5 minutes. Centrifuge and 
carefully remove the lower layer using a long needle on a syringe. Pipette 0.4 ml. aliquots of 
the alkaline extract inte two microcuvettes and then add 0,05 ml, of 20 per cent ammonium 
chloride to one cuvette and 0.05 ml. of 0.45 N sodium hydroxide to the other cuvette. Mix 
and read differentially using the conditions previously described, and with the smallest masking 
slit of the DK-2 filter holder turned parallel to the instrument slit. 
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Wave length per cent transmittance spectra for salicylate at various pH levels. 
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Fig. 2.—-Normal and differential spectra of salicylate at pH 10.5 and pH 
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RESULTS AND DISCUSSION 


In order to determine the two pH levels which would give adequate analytic 
sensitivity as well as distinguishing qualitative characteristics, a number of 
spectra were graphed at various pH levels. The extremes are shown in Fig. 1. 
These transmittance wave length curves were made with 4.3 yg of salicylate 
per millimeter and recorded against their appropriate blank. It is quite evident 
that the best differential curve could be obtained by the subtraction of the read- 
ings of Curve 3 from Curve 1. Curve 1 was earried out in 0.45 N NaOH, Curve 
2 in 0.1 N H.SO,, and Curve 3 in NaOH and NH,C! buffer of pH 10.4. These 
happen to be ideally suited since they are also the best pH’s for the similar 
determination of barbiturates. 

Fig. 2 shows the spectra obtained with salicylates using the two pH levels 
decided upon. Curve 1 shows the pH 13 graph, Curve 2 shows the pH 10.5 
graph, and Curve 3 shows the composite spectrum obtained by using the differen- 
tial characteristics of the instrument to subtract one curve from the other as 
described in materials and methods. The two maxima oceur at 318 and 246 
mp while the two minima occur at 283 and 233 my, respectively. Since both 
cuvettes contain equal aliquots of the same extract material and are distinguished 
from each other only by pH difference, interference from extraneous ultraviolet 
absorbing material can only oceur if the interfering compound also shows a 
similar hypsochromie spectrum shift at the two pH values employed. This 
represents a unique advantage over normal ultraviolet analysis of biologie mate- 
rial since there are many compounds capable of exhibiting ultraviolet spectral 
characteristies which could show an additive error on the desired constituent 
and which could not show the characteristic shift with pH. Thus, graphing one 
against the other would yield a straight line for this material with no inter- 
ference on the differential spectrum. 

Fig. 3 shows a series of differential absorbance wave length spectra for 
various concentrations of salicylate. The range extends from 4 mg. per 100 
ml. for Curve A to 55 mg. per 100 ml. for Curve F. It ean be seen that the 
318 mp peak could be usefully employed for high concentrations of salicylate 
whereas the peak at 246 mp would be suitable for lower concentrations of 
salicylate. The latter peak has a sensitivity of 3 times that of the peak at 318 
my. The minimum at 283 my is of a lower order of sensitivity than is the 
maximum at 318 mp and could be used for salicylates above the 70 mg. per 
100 ml. level. 

Fig. 4 shows the calibration curves obtained using the absorbance differ- 
ences at the 3 wave lengths. The 246 my calibration plot is sensitive and useful 
from 0 to 20 mg. per 100 ml. while the 318 mp plot covers the range of 0 to 70 
mg. per 100 ml. Above 70 mg. per 100 ml., one could use the 283 mp eurve 
although the order of sensitivity is lower. 

Table I shows a series of representative recoveries may by extracting ab- 
solute amounts of salicylate from pure solution as well as from additions to 
sera which had been shown to be salicylate free. In comparing the differential 
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spectra of salicylate extracted from sera and water, a reasonable similarity 
was obtained between the pure solution and the matrix investigated. The ae- 
curacy of the recovery of these comparisons and those in Table I were excellent. 
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Fig. 5.—Curve A, salicylate differential spectrum, Curve B, seconal differential spectrum, Curve 
C, differential spectrum of a mixture of barbiturate and salicylate. 


TABLE I. RECOVERY OF ABSOLUTE ADDED AMOUNTS OF SALICYLATE FroM WATER AND SERUM 


| SALICYLATE PRESENT SALICYLATE FOUND 
SAMPLE (a./100 ML.) (MG./100 ML.) 
Serum A 10.0 10.0 
Serum B 20.0 21.0 
Serum C 30.0 30.2 
Serum D 40.0 40.6 
Serum E 15.0 14.0 
Serum F 10.0 10.5 
Serum G 14.0 14.5 
Serum H 20.0 20.8 
Serum | 30.0 28.0 
Serum J 40.0 44.6 
Standard | 10.0 10.0 
rc Standard 2 10.0 10.2 
: Standard 3 20.0 19.7 
Standard 4 30.0 29.4 
Standard 5 30.0 29.2 
Standard 6 40.0 32 


Curve B of Fig. 5 shows the characteristic nature of the composite speetrum 


one obtains in this ease by differential spectrophotometrie means with a common 


barbiturate derivative. Curve A represents a similar consideration for salicylic 


acid, i.e., a composite differential spectrum with a pH 10.5 solution of salicylate 
in one cuvette and a very alkaline solution of salicylate in the other (0.45 N 
NaOH). It would not be difficult to reeognize whether one or the other were 
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present if they were present as a single contaminant of serum or tissue. If 
one were to be confronted with the prospect of both being present at the same 
time, Curve C would be the resultant composite spectrum obtained using the 
described differential technique. The height of the first differential salicylate 
peak appears unimpaired by the contaminant whereas the next two absorbance 
peaks, both negative and positive, are so affected as to be inaccurate. Re- 
extraction of a second portion of the investigated material at pH 7.4 leaves the 
salicylic acid unextracted while the barbiturate is completely removed to the 
chloroform phase. Thus, one is able to analyze a mixture of both salicylate and 
barbiturate if they are present in the same physiologic matrix. More commonly 
they oceur as individual entities, and the procedure is simplified. However, 
salicylate can be analyzed in the presence of barbiturate with good accuracy, 
and this would be more difficult to accomplish by conventional ultraviolet spee- 
trophotometry. 

SUMMARY 


A procedure has been described for the determination of salicylate which 
involves the use of the differential characteristies of an automatic ratio record- 
ing speetrophotometer. The technique obviates normal blanking and eliminates 
interference from ultraviolet absorbing material. The instrument automatically 
subtracts two spectra of salicylate, one from the other, after a hypsochromic 
shift with a pH change and draws a composite spectrum. The analysis range 
is wide, the procedure is applicable to 100 yl samples, and barbiturate, when 
present, can be determined regardless of whether salicylate is also present or 
entirely absent. 
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NATURALLY ACQUIRED TOXOPLASMOSIS IN THE GRAY SQUIRREL, 
SCIURUS GRISEUS, AND ITS BEARING ON THE LABORA- 
TORY DIAGNOSIS OF RABIES 


OrvLAND A. Soave, D.V.M., AND Epwin H. LENNETTE, M.D. 
BERKELEY, CALir. 


N NOVEMBER, 1957, the carcass of a gray squirrel (Sciurus griseus) was 

sent to this laboratory with a request that the brain be examined for evi- 
dence of infection with rabies virus. The animal had been noted to behave in 
an abnormal manner and had bitten a child. Beeause of this episode, the 
animal was impounded; shortly after its capture, it became comatose and 
died on the following day. 

Laboratory examination revealed no evidence that the squirrel had sue- 
cumbed to rabies but, rather, that death might possibly have been due to tox- 
oplasmosis. Findings bearing upon this latter point form the basis of this 
report, which is presented because of the almost complete absence of informa- 
tion on naturally oceurring Toxoplasma infection in squirrel species, and 
because toxoplasmosis is seldom considered in the examination of tissue of 
wild animals showing overt evidence of C.N.S. disease. 


MATERIAL AND METHODS 


Preparation of Inoculum.—A small portion of the squirrel brain was weighed and 
ground manually in a mortar until a fine paste was obtained; sufficient 0.85 per cent 
saline solution was added incrementally to give a 10 per cent suspension, This sus 
pension was centrifuged horizontally at 2,500 r.p.m, for 10 minutes and the super 
natant fluid carefully removed. To each 0.9 ml. of fluid was added 0.1 ml. of an 
antibiotic solution containing 10,000 units per milliliter of penicillin G and 50,000 
units per milliliter of streptomycin sulfate. The mixture was incubated at 4° C. for 
approximately one hour and then inoculated intracerebrally in 0.03 ml. amounts into 
mice 3 to 4 weeks old. 


Microscopic Examination—Smear and imprint preparations were made from the 
squirrel brain, utilizing tissue from the region of Ammon’s horn, The preparations 
were stained by Seller’s method, which is routinely employed in this laboratory for the 
staining of Negri bodies. Subsequently, when the presence of toxoplasms was suspected, 
additional smear and imprint preparations were made and stained by the Giemsa method, 


RESULTS 

Comprehensive examination of numerous microscopic fields of the slides 
stained by Seller’s method failed to reveal the presence of any structures 
identifiable as Negri bodies. Examination of these slides with an oil immer- 
sion objective revealed the presence of a number of large round structures 
about 30 to 50 » in diameter and containing numerous small bodies of 2 to 
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3» in size. These small bodies had a pale-blue color and presented little 
or no nuclear detail; the characteristic appearance of these structures, and 
their collection into an aggregate surrounded by a barely discernible mem- 
brane, led to their morphologic identification as Toroplasma gondii in the 
pseudocyst form. Occasional free forms of this organism were encountered 
throughout the brain smears. These forms had a crescent-shaped or irregu- 
lar appearance and occurred singly or in groups of two or three. 

The microorganisms were more clearly visible and readily distinguishable 
when stained by the Giemsa technique (see Fig. 1). In such preparations, 
the toxoplasms had a pale magenta color and appeared as rounded bodies 
with a slightly darker staining nucleus. As in the case of material stained 
by Seller’s method, the limiting membrane of the pseudocyst was not clearly 
visible. 


Fig. 1 Fig. 2. 


Fig. 1.—Toxoplasmal pseudocysts in brain of naturally infected squirrel, Sciurus griseus. 
Touch impression, Giemsa stain. (Magnification «1125.) 

Fig. 2.——Toxoplasmal pseudocysts in brain of albino Swiss mouse inoculated with suspen- 
sion of squirrel brain. Smear preparation, Giemsa stain. (Magnification «1125.) 

Isolation of 7. gondii is usually done by inoculation of heavy suspensions 
of fresh tissue into mice (or other laboratory animals) by the intraperi- 
toneal or intracerebral routes. Since, in the present work, diagnostic attention 
was focused upon isolation of rabies virus, the suspension of squirrel brain 
for mouse inoculation purposes was prepared according to basie virologic 
procedures, i.e., it was centrifuged at a sufficient number of g to throw down 
the large tissue particulates and much of the gross cellular debris. Such 
treatment serves, in effect, to sediment protozoan parasites such as 7’. gondii 
and sinee the supernatant fluid is used for animal inoculation, recovery of 
the toxoplasm is precluded or made highly difficult. Of the 8 mice inoculated 
intracerebrally with the supernatant fluid obtained by centrifugation of squirrel 
brain suspension, one died on the eleventh postinoculation day and another 
appeared ill and was killed on the fifty-second postinoculation day. Imprint 
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preparations from the brain of both animals showed the presence of toxo- 
plasmal pseudoeysts; Fig. 2 shows the structures seen in the brain of the first 
mouse, 
DISCUSSION 
Since the original reports of Nicolle and Manceaux' from North Africa 
and of Splendore® in Brazil describing Toxoplasma as a new protozoon from 
the gondi (Ctenodactylus gondi, a rodent) and from the domestie rabbit, 
respectively, the parasite has been described from a wide variety of mammalian 
hosts, from some marsupials, and from certain avian species. Many of these 
descriptions of natural infection are based on morphologie observations and 
hence may be open to question; although the appearance of 7. gondii is rather 
distinctive, an unknown organism cannot be identified definitively as T. gondii 
on the basis of morphology alone.* In addition to possessing the morphologic 
and tinetorial characteristics of 7. gondii, the unknown microorganism should 
be shown to be an obligate intracellular parasite, to possess pathogenicity 
for mice and other laboratory species, and to be immunologically related 
to known strains of 7. gondii. Unfortunately, because of the pressure of 
other and more urgent work, no attempt was made to fulfill these criteria. 
One important consideration, based on the results of inoculation in the first 
passage mice, and perhaps unwarranted, was that 7. gondii may acquire patho- 
genicity only after prolonged passage at frequent intervals, and that some 
strains, even after a vear or more of continual passage at frequent intervals, 
still retain minimal levels of virulenee.*® Thus, Pope and associates’ describe 
a strain which produced only inapparent infections in mice during the first 
64 intraperitoneal passages; thereafter the virulence for mice gradually in- 
creased, and from the eighty-fifth passage onward the mortality was 100 per 
cent. 

Although the diagnosis of toxoplasmosis in the tree squirrel, Sciurus 
griseus, reported upon here is based entirely upon the tinetorial and morpho- 
logie characteristics of the microorganism seen in tissue preparations, we con- 
sidered it desirable to record the findings since the only other instanee of 
natural toxoplasmosis in the squirrel (red squirrel) of which we are aware 
is that recorded by Coles’ in 1914. In addition, the experience recorded here 
suggests that 7. gondii should be considered as a possible etiologic agent in 
the production of those symptoms that lead to subsequent examination of the 
animal for rabies virus infection, and might especially be considered when 
the results of such examination prove negative. This possibility finds support 
in recent reports’ ® from North Afriea that the squirrel Citellus citellus is 
highly susceptible to experimental toxoplasmosis. 


SUMMARY 
The brain of a California gray squirrel (NSciurus griseus), a tree-living 
species, was examined for rabies virus because the animal had been observed 
to behave in an abnormal manner and had bitten a child. Microscopic exam- 
ination of smear and imprint preparations of the brain was negative for 
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Negri bodies but structures with the typical morphologic and staining char- 
acteristics of 7’. gondii were encountered. This is believed to afford at least 
presumptive evidence of natural infection with 7. gondii in a squirrel. 


The excellent technical assistance of Mr. Koichi Nakamura is gratefully acknowl- 
edged, 
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Sterilizer - Regular Testing of Stock 
for Detection of Disease. 

Send for brochure 


LABORATORY HEMLOCK HOLLOW FARM 
4 FOR SCIENTIFIC 5 MEDICAL USES 414 BLACK OAK RIDGE ROAD WAYNE NEW JERSEY 


FA 


HAMSTERS GUINEA PIGS RABBITS WHITE MICE AND RATS 
Satisfactorily shipped 1500 miles and more — Large supply 
For prices and information, write, wire, or phone 


HILLTOP CAVIARY 
Phone 286 Established 1928 


Scottdale, Pa. 
(near Pittsburgh) 
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NATIONAL LABORATORY ANIMAL CO. 


Reliable Animals for Significant Results 
RABBITS—GUINEA PIGS—~WHITE RATS—WHITE MICE 
Prompt Shipment from Pittsburgh, Pa. 

RD, Mars, Pa. Phone—NAtional 5-1955 


Male Frogs for Pregnancy Tests 


One dozen $3.50, or $3.00 per dozen for 2 dozen or more. Mealworms (food), thousand 
$3.35. Postage extra. Frog Bulletin and Scientific Supply Catalog on request. 


QUIVIRA SPECIALTIES CO. 
4204 W. 21st Street Topeka 32, Kansas 


ALBINO RATS & MICE, RABBITS & GUINEA PIGS 
“Our 44th Year—Time Proved Dependability” 


RESEARCH SUPPLY CO. 


2436 West York St. Philadelphia 32, Pa. 


DAN ROLFSMEYER CO. 


ALBINO RATS SWISS (ALBINO) MICE 
Price List on Request 
Route 3, Syene Road, Madison 5, Wis. PHONE ALpine 6-6149 


MALE FROGS-HORMONE TESTED 
Know the sensitivity of each frog that you are using. For prices and infor- 


mation booklet, phone or write, J. R. SCHETTLE FROG FARM, INC., Still- 
water, Minnesota. Telephone LI 9-6495, 
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(See also pages 34, 35, 36) 


Fast Service. All orders shipped via air same day 
FROGS received. Live delivery guaranteed. 


Write for handbook giving full information 


Special Males for Pregnanc 
E. G. STEINHILBER & CO., INC. 


102 Josslyn Avenue (Est. 1922) Oshkosh, Wis. 


WHITE MICE GUINEA PIGS 


RABBITS 
Swiss-Webster Cross—Very Docile Mouse 
Send for price list. References furnished on request. 
J. E. STOCKER + Ramsey, N. J. + Phone: DAvis 7-1064 


D4 TACONIC FARMS, Ine. 


Germantown, New York 
SWISS MICE Booklet Sent on Request 


ZEIMET BIO-FARMS 
DOCILE GUINEA PIGS DEPENDABLE 


Route 4, Box 372 CHerry 9-4515 Madison 4, Wis. 


— VIRUS AND RICKETTSIA — Complement Fixation —— 


LIPID AND ENZYME CHEMISTRY 
SPECIAL CHEMICAL PROCEDURES—P.B.I.—Mineral—Organic 
72 to 96 hour service anywhere in the USA—Fee Schedules and Information on Request 


Clinical Laboratory of San Bernardino 
955 “‘D” Street, P. O. Box 329, San Bernardino, California 
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fields of clinical investigation and clinical pathology are invited. Society affilia- 
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ew PORTABLE FEATURES: 
FLASH EVAPORATOR 


@ Glass-to-glass connections throughout the evap- 
orating system prevent any possibility of con- 
tamination. Distillation occurs only within 


a glass. 


@ Balanced design permits smooth rotation with- 


out drag and larger output without loss of 
material, 


@ High torque, totally enclosed motor. 


@ Build it up with accessories for large scale 
work and temperature control. 


@ Grows with your requirements. 


For the evaporation of aqueous solutions, @ Unit can be easily taken apart for cleaning. 
high boiling point solvents, strong acids, 
alkalis, and radioactive materials without For specifications and details, 


contaminating back-drip, request Bulletin FE-1000 


For Precision instruments © Laboratory Apparatus 


LABORATORY GLASS & INSTRUMENTS CORP. 


514 West 147th Street @ New York 31, N. Y. 
Telephone: ADirondack 4-2626 


Webster Says... Accuracy to"/1o Microliter! 

QUALITY “3 HAMILTON MICROLITER SYRINGES 
means WITH CEMENTED NEEDLES 

“The degree of ‘ When accurate liquid discharge is vital, such 


. . as in gas or vapor chromatography, these 
excellence and 2 Hamilton Syringes are essential to your 


superiority” analytical work... 


%* Three models — 100, 50 and 10 microliter 
capacities — meet all requirements 

: Skilled operators maintain accuracy of 

... at Nutritional Biochemicals Corporation discharge to 1/10 of 1 microliter 

QUALITY is one of our proudest assets. 0 rea 

Over 300 Amino Acids Biological Salt Mixtures * Fixed concentric needle minimizes dead 

Over 90 Peptid Biol Test Materi syring leakage 

More than 200 Nucleoproteins, 


Purines, Pyrimidines Carbohydrates * Syringe is tested to be leak-tight with water 
"soar Biochemicals Purified Proteins at 150 psi 

amins Fatty Acids * Special needle point design easily perforates 
Enzymes, Crystalline, Purified Antibioti 
Alkaloids rubber closures without plugging 


Steroid Hormones Glandular Substances Order direct —or write today for literature 


and prices! 
Write for New Catoiog 


A November, 1958 Over 2400 Items THE 


Write Dept. 109 


A complete line of Shielded Syringes 
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A compact reference containing the most recent information 
and the most frequently used methods in laboratory diagnosis 


CLINICAL LABORATORY METHODS 


by W. E. BRAY, B.A., M.D., Consulting Laboratory Director, Martha Jefferson Hos- 
pital, Charlottesville, Virginia; formerly Professor of Clinical Pathology, University of 
Virginia and Director of Clinical Laboratories, University of Virginia Hospital. 


Fifth Edition. 720 pages, 124 illustrations. 
18 color plates. PRICE, $9.75. 


The object of this volume is to bring together in 
compact form for ready reference the more recent in- 
formation and most frequently used methods of labora- 
tory diagnosis. 

Interpretation of the laboratory findings in each in- 
stance is given under the heading SIGNIFICANCE. 
Most of the formulas for reagents are given in a 
special chapter—INDICATORS, STAINS AND STAIN- 
ING SOLUTIONS, REAGENTS, REMOVAL OF LAB- 
ORATORY STAINS, ATOMIC WEIGHTS, TABLF OF 
EQUIVALENTS, TABLE OF NORMALS—fully in- 
dexed. The reagents are given alphabetically, first the 
individual ones not used in groups, then those used in 
groups as for Calcium, Chlorides, Cholesterol, and so on. 

New charts in this edition include the revised line 
chart for calculating proteins by the copper sulfate 
method, and charts of the findings in the blood of nor- 
mal children. New illustrations include L. E. cells and 
rosettes, plasma cells, and the Gordious species of round 
worm. 

Additional material includes the status of the Salk 
vaccine, radioactive iodine and protein-bound iodine in 
the diagnosis of thyroid disorders, the treponema im- 
mobilization test, epidemic hemorrhagic fever, cat scratch 
disease, the neutral red indicator test for virulence of the 
tubercle bacillus, lipoids in urine, 
P ° P pseudoalbuminuria, and the male frog test for pregnancy. 
Published in Convenient Also included are the mercurimetric (mercuric ni- 

P ° — trate) method for blood and urine chlorides, the intra- 
Size to Fit the Clinic venous galactose tolerance test, and spectrophotometric 

methods for blood sugar, blood and urine phosphorous, 
Coat Pocket blood phosphatases, blood cholesterol, and blood urea. 


THE C. V. MOSBY COMPANY Date 
3207 Washington Blvd., St. Louis 3, Missouri. 


Order today from Gentlemen: 


Please send me on 10 day approval a copy of Bray “CLINICAL 
LABORATORY METHODS,” priced at $9.75. I understand 


that if I am not completely satisfied, I can return the book 
TH . V. MOSBY (0. within 10 days and my money will be completely refunded. 
When payment is enclosed, publisher pays postage. 
3207 Washington Blvd. © Attached is my check © Charge my account 
St. Lovis 3, Mo. Doctor 


Address 


City 
Las-1-59 
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For Specialized Services in Clinical Chemistry 
Add This “ANNEX” to Your Clinical Testing Team. 


Hospitals, laboratories and clinics all over the United 


States, Canada, and Alaska use our laboratory as an New Home of Biochemical Procedures | 
“annex”. You, too, can make our new laboratory in the heart of the San Fernando Valley — + 

(shown above) “annex aexiliary MARE A NOTE pew | | 

for your infreq ical deter i 

Our complete facilities insure our flexibility to 


perform time-consuming assays or biochemical 
determinations requiring complex equipment and 
specialized personnel — with fast, accurate service at 
modest fees. 


Just a note from you and we'll send you our brochure 
our fee schedule, instructions for 
anda of our services. 


TOXICOLOGY & ENDOCRINE ASSAYS 
MISCELLANEOUS | 17-Ketosteroids . — 
CHEMISTRIES | BetaandA ndreges Fractions .. 
Lead ... Arsenic ... Transaminase Protein-Bound lodine . 
... Lipids ... Antistreptolysin Pregnanediol . . 
. . Electrophoresis Pregnanetriol . . . 
.. Sodium ... Potassium Gonadotropins . . . 
.. Paternity Teste Corticoids ... Estrogens... 


Magnesium Catecholamines “The Bulletin of Laboratory Medicine” 

is distrib free by Bi Procedures to keep ; 
BIOCHEMICAL PROCEDURES| Il! 


12020 CHANDLER BOULEVARD, NORTH HOLLYWOOD, CALIFORNIA! bis 


Continuous Model No. FE-2C 
\ 


FLASH EVAPORATOR 


Evaporation under reduced pressure—particularly valuable when aqueous solutions 
and high boiling solvents (e.g., butanol) are used. 


ideal for separation of: 
that would otherwise foam 
ae and air sensitive solutions 
© Performs separations in a fraction of the time required by conventional methods 
® Easily disassembled to remove solute and also for cleaning 
PRICE COMPLETE (with Thermo Regulator), F.O.B. New York $330.00 
Also available: FLASH EVAPORATOR FE-2. Regular model for single batches. Price complete 
$215.50 F.O.B. New York 


Write for other laboratory specialties and detailed information on the SAFETY PIPETTE FILLER 


INSTRUMENTATION ASSOCIATES 


17 West 60th Street New York 23, N. Y. 
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REFERRED BIOCHEMICAL ANALYSES 


Electrophoresis for Protein Fractionation, Lipoprotein Fractionation, Abnormal 
Hemoglobins; Catecholamine determinations for adrenaline and noradrenaline; 
Transaminase levels; Hormone Assays; Protein-Bound Iodine 
determinations; Toxicological Assays; Antistreptolysin-O Titers; 
and other difficult and time-consuming tests. 
Services available nationally by Air Mail. Shipping containers with vials available on request 
Write for: List of Services, Literature, and Containers 


CHEM-TECH LABORATORIES 


NALYTICAL-CLINICAL-RESEARCH 
2364-236 SOUTH ROBERTGON BLVD. BEVERLY HILLS. CALIFORNIA 


S. 1. DULKIN, PH.D. OTTO E. LOBSTEIN, Px.D 


INDEX TO ADVERTISERS 


Please mention “The Journal of Laboratory and Clinical Medicine” 
when writing to our advertisers—it identifies you 


Albino Farms (Laboratory Animals) .. 34 Laboratory Glass and Instruments 
Aloe Scientific, Div. of A. 8S. Aloe Com- Corp. 

pany 1 Lederle Laboratories, a Division 
Ames Company, Inc. American Cyanamid Company 

Leitz, Ine., E. 

Baltimore Biological Laboratory, Ine. § Linbro Chemical 
Biochemical Procedures 
3: Meinecke & Company, Inc. 
Brown Laboratory, The : Merck Sharp & Dohme 


Company 


Chem-Tech Laboratories National Laboratory Animal Co, 
Cherry Hill Farms (Laboratory Ani- New York Scientific Supply Company 
(Laboratory Animals) 
Nuclear-Chicago Corporation 
Coleman Instruments, Inc. f Nutritional Biochemicals Corporation 
Jay (Xenopus Lae Ortho Pharmaceutical Corporation 11, ° 


Corning Glass Works Paragon CC, & C. Co., Ine. 


Laboratertes Photovolt Corporation 


Quivira Specialties Company (Male 
Eastman Kodak Company Frogs) 
Fisher Scientific Research Supply Company (Laboratory 
> ‘ Mice 
(jradwohl School of Laboratory Tech- lice) 
Greiner Company, The Emil -------- » Schettle Frog Farm, Inc. 
Scientific Industries, Ine. 
H il Laborator Scientific Products, Div. of American 
Pigs ‘ Standard Scientific Supply Corporation __17 
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possibility of an occasional change or omission in the preparation of this index, 
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automatian finally brought to clinical chemistry 


Airbedy 1 in hospitals and laboratories the country over, the Technicon Autoanalyzer is 
doing jobs like those listed below with an accuracy, reproducibility, and dependability, 
whieh has usets standing back in awe. The work goes faster, up to 60 tests-per-hour, 
is repeatable to approximately 1%, and cheaper, completely auto- 


on intervention or supervision. 


There's a brochure which explains the Autoana- 
lyzer principle, detailing operation and methods. 


For the thousand-and-one substances for which biological fluids 
are analyzed ... blood glucose, blood urea nitrogen, calcium, 
alkaline phosphatase, chlorides, etc. Reproducibility, approxi- 
mately 1%. Elapsed time-per-test, as little as one minute. 


ampling by direct aspiration from circulatory (or other) system 
of a living organ, with continuous analysis and recording of 
phenomena like rate absorption or excretion of drugs, changes in 
concentration levels of blood urea nitrogen, blood glucose, etc. 


completely automatic operation 


Only human participation is initial setting up of test. Autoanalyzer 
then takes over; introduces correct proportions of materials and 
reagents, passes them through the train of analytical events — 
mixing, dialyzing, separation, heating, color-measuring, etc. — 
y records test results as logarithmic or easy-reading linear graphs, 

or on.digital read-out tapes. Selectable choice of 20, 40, or 60 
separafe tests-per-hour, depending on nature of test. Reproduci- 
bility, approximately 1%. 


TECHNICON® 
| nalyzer 


TRADE MARK 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey * New York 
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CLINICAL BRIEFS FOR MODERN PRACTICE : 


What is the most practical approach 
to determining the concentration of 
solids in urine? 


Specific gravity. Increased output of urinary solids raises the specific gravity— 
each 1 per cent of glucose increases the reading by 0.004. 


Source—Wolman, I. J.: Laboratory Applications in Clinical Pediatrics, New York, The 
Blakiston Division, McGraw-Hill Book Company, Inc., 1957, pp. 343, 344. 


“The simplicity, speed and accuracy of the Clinitest tablet reagent make it a 
desirable procedure for quantitation of urinary sugar.”’* 


COLOR-CALIBRATED CLINITEST® 


Reagent Tablets 
the standardized urine-sugar test 


standardized reading —blue-to-orange spectrum...clear-cut color changes...stand- 
ardized, laboratory-controlled color scale 


standardized “plus” system—established “plus” system...covers entire critical 
range—does not omit %% (++) and 1% (+++) 


*Giordano, A. S.; Pope, J. L., and Hagan, B.: Am. J. M. Technol. 22:29, 1956. 


(sy AMES COMPANY, INC ELKHART, INDIANA 
Ames Company of Canada, Ltd., Toronto 
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